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ABSTRACT
We present here a thorough photometric analysis of double-barred galaxies, consisting
of i) two-dimensional photometric decompositions including a bulge, inner bar, outer
bar, and (truncated) disc; and ii) three-dimensional statistical deprojections to derive
the intrinsic shape of bulges, inner bars, and outer bars. This is the first time the
combination of both techniques is applied to a sample of double-barred galaxies. It
represents a step forward with respect to previous works, which are based on properties
of the integrated light through ellipse fitting and unsharp masking. In this first paper
of a series of two, we analyse the nature of the dominant bulges within double-barred
systems by using several photometric diagnostics, namely Se´rsic index, Kormendy
relation, colours, and the better suited intrinsic flattening. Our results indicate that
almost all bulges in our sample are classical, whereas only 2 out of the 17 galaxies under
study appear as potential candidates to host secularly-formed disc-like bulges. Such
result poses the possibility that having a central hot structure may be a requirement
for inner bar formation.
Key words: galaxies: photometry – galaxies: structure – galaxies: evolution – galax-
ies: stellar content
1 INTRODUCTION
Double-barred galaxies are disc-like galaxies hosting two
stellar structures in the shape of a bar: an outer bar alike
to the single bars observed in ∼60-70% of all disc galaxies
(Aguerri et al. 2009; Erwin 2018), and the so-called inner
bar that refers to an additional, smaller barred structure
that has been found in at least ∼30% of all barred galaxies
(Laine et al. 2002; Erwin 2004).
Observations of galaxies with two nested stellar bars
date back to the second half of the twentieth century (see
de Vaucouleurs 1975, for a first identification of NGC1291
as a double-barred galaxy). After serendipitous detections,
such as those of Sandage & Brucato (1979) and Kormendy
(1979), Erwin (2004) was the first to make a thorough com-
pilation of photometric data from various facilities in a cat-
alog of 50 double-barred galaxies. More individuals have
been later detected by large photometric surveys such as
the Spitzer Survey of Stellar Structures in Galaxies (S4G;
⋆ E-mail: adrianadelorenzocaceres@gmail.com
Sheth et al. 2010). Moreover, inner bars have been observed
up to a redshift ∼0.15 (Lisker et al. 2006), thus supporting
an scenario in which they are not occasional but common
stellar structures. This is a surprising result as theoretically
it is not possible to have two sets of closed barred orbits
coexisting within a rotating disc; the problem of the orbital
support of double-barred systems requires the complex def-
inition of loops introduced by Maciejewski & Sparke (1997)
and Maciejewski & Sparke (2000). Simulating the formation
and evolution of double-barred galaxies has indeed been
proved a hard task (e.g. Du et al. 2015; Wozniak 2015).
After almost 40 years of studies, many important ques-
tions remain open about double-barred galaxies. This work
aims at providing photometric constraints to some of them
through the most complete photometric study of double-
barred galaxies ever performed. Our analysis combines two-
dimensional (2D) photometric decompositions of double-
barred galaxies in their multiple structural components
(bulges, bars, and discs), and a three-dimensional (3D) sta-
tistical deprojection of their bulges and (inner and outer)
bars. We remark this is the first time either 2D decomposi-
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tions or 3D deprojections of a sample of double-barred galax-
ies are presented.
In a series of two papers, we explore the following unan-
swered questions about double-barred galaxies: i) whether
there exists a major incidence of disc-like bulges within
double-barred galaxies, where secular evolution is assumed
to take place in a very efficient way; ii) whether inner bars
form secularly out of disc-like bulges already present in
barred galaxies; iii) whether inner bars are transient or long-
lived structures; and iv) whether all barred galaxies will de-
velop an inner bar at some stage of their lives. This first
paper is devoted to the presentation of the analysis and the
photometric properties of bulges within double-barred sys-
tems (questions i and ii), while the properties of inner and
outer bars (questions iii and iv) are studied in de Lorenzo-
Ca´ceres et al. (2018c, in preparation; hereafter Paper II).
1.1 Frequency of disc-like bulges in double-barred
galaxies
Galactic bulges are properly defined as the central ex-
cess of light found in the surface brightness distribution
of a disc galaxy, i.e., they imply a central concentra-
tion of stars. According to their photometric and kine-
matic properties, these structures are classified into two
main groups: classical and disc-like bulges. Both types are
believed to be linked to the different evolutionary pro-
cesses forming them. Classical bulges are considered the re-
sult of fast actions, such as monolithic collapse or merg-
ers (Eggen et al. 1962; Aguerri et al. 2001; Bournaud et al.
2007; Hopkins et al. 2010). These are pressure-supported
systems rather analogous to elliptical galaxies. On the other
hand, disc-like bulges show more ordered motions dominated
by rotation. Sometimes referred to as pseudobulges, they
are thought to be formed through secular evolution mainly
driven by bars (Kormendy & Kennicutt 2004, although see
Eliche-Moral et al. 2006 for a numerical evidence of minor
mergers causing similar bulge growth). Indeed, bars pro-
mote an angular momentum exchange between dark and
baryonic matter or even between baryons and baryons. As a
consequence, stars are dragged towards the outer galactic re-
gions or gas is brought into the centre, where it concentrates
and may eventually form new stars and stellar structures
such as bulges (Combes et al. 1990; Friedli & Benz 1995;
Mun˜oz-Tun˜o´n et al. 2004; Boone et al. 2007).
Shlosman et al. (1989, 1990) show that a double-barred
system may theoretically be more efficient than a single bar
in the transportation of gas towards the central galactic re-
gions, being even able to reach the sphere of influence of the
central black hole. This is the reason why double bars have
been proposed as the gas channel for triggering active galac-
tic nuclei, although no conclusive observational evidence
has been found so far (Ma´rquez et al. 2000). It is there-
fore sensible to state that a major incidence of secularly-
formed structures should be found in double-barred galaxies,
where gas inflow is very efficient. Disc-like bulges are com-
monly considered the clearest consequence of secular evolu-
tion, and inner bars themselves are considered as evidence
for the presence of secularly-promoted bulges by many au-
thors (Fisher & Drory 2016). Whether disc-like bulges are
frequent in double-barred galaxies has not been purpos-
edly studied in the literature so far, with the exception of
de Lorenzo-Ca´ceres et al. (2012), who present evidence of
the existence of a disc-like bulge in the centre of the double-
barred galaxy NGC357.
During the last decades, great effort has been put into
the search of photometric diagnostics that allow to discern
the nature of bulges (i.e. classical vs. disc-like). The Se´rsic
index, n, appeared at first to be the best candidate. For
example, Fisher & Drory (2008) found that classical bulges
tend to have n >2, whereas disc-like bulges show n <2.
The Se´rsic index is a mathematical parameter describing the
shape of the surface-brightness profile of a bulge, once iso-
lated from the rest of galaxy components through a photo-
metric decomposition. Another diagnostic involves the pro-
jection of the fundamental plane onto the integrated surface
brightness of the bulge within one effective radius versus the
bulge effective radius, also known as the Kormendy (1977)
relation. This has been argued to be a good discriminator
between classical and disc-like bulges, as it shows a correla-
tion that creates a top sequence mostly populated by clas-
sical bulges, while the existence of bulges with lower effec-
tive surface brightness for a given radius (i.e., outside the
classical relation) is explained by their disc-like nature (e.g.
Fisher & Drory 2008; Gadotti 2009; Fisher & Drory 2016;
Neumann et al. 2017).
More recently, Costantin et al. (2018) tested the photo-
metric diagnostics commonly used to discern between clas-
sical and disc-like bulges, and compared them with some
kinematic diagnostics. Their results indicate that projected
quantities such as the Se´rsic index alone do not provide
conclusive results and they propose the use of the intrin-
sic 3D shape of bulges as a better photometric discrimina-
tor, based on the intrinsic flattening of the bulge compo-
nent with respect to the other galaxy structures (see also
Me´ndez-Abreu et al. 2018). Indeed, classical bulges are ex-
pected to be pretty spherical structures. On the other hand,
rotating disc-like bulges should appear flatter, also depend-
ing on the disc thickening.
1.2 2D photometric decompositions
All published photometric studies about double-barred
galaxies so far rely on analyses of the integrated galaxy
light (e.g. Erwin 2004). Inner bars are usually detected
through isophotal analysis as bumps in the ellipticity and
position angle profiles (Friedli & Martinet 1993; Laine et al.
2002), and/or through a careful visual inspection of unsharp-
masked images (Erwin & Sparke 2003). Better suited pho-
tometric decompositions, which model the galaxy light as
a combination of individual structures instead of studying
the integrated properties, have not been systematically ap-
plied for double-barred cases. The only notable exceptions
are the recent works by Me´ndez-Abreu et al. (2017), who
performed 2D photometric decompositions of all galaxies of
the Calar Alto Legacy Integral-Field Area survey (CAL-
IFA; Sa´nchez et al. 2012), including two double-barred
cases, and de Lorenzo-Ca´ceres et al. (2018a, submitted; see
also Me´ndez-Abreu et al. 2019), who decomposed the S4G
images of the two double-barred galaxies present in the spec-
troscopic TIMER project (Gadotti et al. 2018).
The rapid progress in the field of photometric decompo-
sitions has resulted in several sophisticated codes that dis-
sect the galaxy into various components by making 2D mod-
c© 2018 RAS, MNRAS 000, 1–??
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els of each structure (e.g. Peng et al. 2002; de Souza et al.
2004; Me´ndez-Abreu et al. 2008; Erwin 2015). However,
most of the published works include up to two components,
namely disc and bulge, while other structures such as stel-
lar bars are not taken into account (e.g., Simard et al. 2011).
Bulge and disc certainly account for most of the galaxy light
but not including bars has an effect on the measured param-
eters, as shown by Laurikainen et al. (2006), Gadotti (2008),
Fisher & Drory (2008), and Me´ndez-Abreu et al. (2017),
among others. Dismissing the bar leads to large uncertainties
and overestimation of the bulge parameters (n and effective
radius) and bulge contribution to total light.
Here we present the first consistent 2D multi-component
photometric decomposition of a homogenous set of images of
17 double-barred galaxies, fitting a bulge, a (truncated) disc,
and the two bars with the code GASP2D (Me´ndez-Abreu et al.
2008). The analysis of the bulge properties is therefore per-
formed with no contamination of the inner and outer bars.
1.3 3D deprojection: intrinsic shapes
While photometric decompositions provide the individual
parameters for the structural components shaping galaxies,
such analysis is based on projected images of the galaxies on
the sky. Therefore, and even after deprojecting bar lengths
and ellipticities, only the two dimensions in the galaxy plane
are explored. Recent development in mathematical and sta-
tistical techniques has shown that it is possible to retrieve
information about the missing third direction and actually
derive the intrinsic 3D shape of galaxy structures (bulges
and bars), as reviewed in Me´ndez-Abreu (2016). Studies so
far have focused on the case of non-barred and single-barred
galaxies. In the set of papers by Costantin et al. (2018) and
Me´ndez-Abreu et al. (2018), the intrinsic shapes of bulges
and bars in the CALIFA sample are analysed. Among other
conclusions, the authors find that the intrinsic flattening of
bulges with respect to bars holds important clues for under-
standing the formation path of these structures.
In this project we derive the 3D shape of bulges
and (inner and outer) bars with the code galaXYZ
(Me´ndez-Abreu et al. 2010; Costantin et al. 2018). We
emphasise that this is the first time the intrinsic shape of
inner bars within double-barred systems are studied.
The paper is organised as follows: the parent sample
and images are described in Sect. 2, while a brief outline of
GASP2D and the procedure followed in this work to perform
2D multi-component photometric decompositions of double-
barred galaxies are provided in Sect. 3. Section 4 describes
galaXYZ and the procedure used to derive the 3D intrinsic
shape of bars and bulges. In Sect. 5 we quantify the possible
bias introduced in the bulge parameters by dismissing the
presence of an inner bar. Section 6 shows an analysis of the
photometric properties of bulges in double-barred galaxies
and the discussion about their nature is provided in Sect. 7.
Conclusions are wrapped up in Sect. 8. A flat cosmology
with Ωm =0.3, ΩΛ =0.7, and H0 =75 kms
−1Mpc−1 is as-
sumed throughout the paper. These are the same parameters
adopted by Gadotti (2009) and Me´ndez-Abreu et al. (2017),
whose works are used for comparison throughout this paper.
2 THE SAMPLE OF DOUBLE-BARRED
GALAXIES
The sample of double-barred galaxies is extracted from a
catalog of 67 barred galaxies with inner structures pre-
sented in Erwin (2004). Among these, 50 galaxies are double-
barred, as classified by two photometric diagnostics, namely
ellipse fitting and unsharp masking. Bar properties such as
sizes and position angles (both measured from ellipse fitting)
are also provided by Erwin (2004), who uses a compilation
of results from the literature and new measurements made
on a variety of images in the optical and near infrared.
For the present analysis we first selected all double-
barred galaxies from the catalog of Erwin (2004) with avail-
able Sloan Digital Sky Survey (SDSS; York et al. 2000)
imaging, thus obtaining a preliminary sample of 23 objects.
SDSS provides a homogeneous set of g′-, r′-, and i′-band im-
ages with medium spatial resolution, suitable for inner bar
detection at the redshift of our galaxies (z < 0.015), and a
field-of-view large enough to reach the outermost regions of
the galaxy, as required for a proper modelling of the disc
component. In particular, we use the images from the SDSS
Data Release 9 (Ahn et al. 2012). All images are already
soft-bias subtracted, flat-field corrected, sky subtracted, and
flux calibrated using the standard SDSS pipelines. Some fur-
ther treatment of the data is necessary to both re-calibrate
the images from nanomaggies to counts (required for the fit-
ting procedure with GASP2D) and to refine the sky subtrac-
tion. Details on this process are described in Pagotto et al.
(2017) and Costantin et al. (2018). The point spread func-
tion (PSF) is measured on each image using a circular Moffat
function (Moffat 1969). The mean values of the Full Width
at Half Maximum (FWHM) for the g′-, r′-, and i′-images
are 1.32, 1.15, and 1.17 arcsec, respectively.
Notwithstanding the careful inspection made by Erwin
(2004), our 2D multi-component photometric decomposi-
tions reveal that some of these galaxies had been either
misclassified as double barred or the SDSS spatial resolu-
tion is not enough to readily distinguish the inner bar. In
the former case, we found this is mainly due to the pres-
ence of other components (e.g., stellar inner rings or complex
dust structures). Six galaxies were finally removed from our
preliminary sample, namely Mrk 573, UGC524, NGC1068,
NGC4303, NGC4321, and NGC4736. Our definitive sample
is therefore composed of 17 double-barred galaxies. Table 1
shows the galaxy sample together with some relevant pa-
rameters.
All our double-barred galaxies are nearby, with z <
0.015 as indicated in Table 1. Fisher & Drory (2016) es-
tablish that, given the SDSS spatial resolution and a typ-
ical bulge effective radius of 2 kpc, photometric decom-
positions aiming at accurately deriving bulge properties
with SDSS data should restrict to galaxies up to z=0.03.
Costantin et al. (2017) explore the possible errors on the
bulge structural parameters when their angular sizes are
close to the size of the image PSF. They find that even
for bulges with effective radius 1.2×σ of the PSF (σ ∼
FWHM/2.35), the bulge parameters can be recovered within
a 10% error. We conclude that our photometric decomposi-
tion analysis is therefore not hampered by resolution effects
affecting small bulges or inner bars.
c© 2018 RAS, MNRAS 000, 1–??
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Table 1. DOUBLE-BARRED GALAXIES SAMPLE.
Name Morphological type Distance (Mpc) z
(1) (2) (3) (4)
NGC357 SB(r)0/a 31.6 0.008
NGC718 SAB(s)a 22.6 0.006
NGC2642 SB(r)bc 56.8 0.014
NGC2681 (R’)SAB(rs)0/a 17.2 0.002
NGC2859 (R)SB(r)0+ 24.3 0.006
NGC2950 (R)SB(r)00 14.9 0.004
NGC2962 (R)SAB(rs)0+ 30.0 0.007
NGC3368 SAB(rs)ab 10.5 0.003
NGC3941 SB(s)00 12.2 0.003
NGC3945 (R)SB(rs)0+ 19.3 0.004
NGC4314 SB(rs)a 12.0 0.003
NGC4340 SB(r)0+ 15.3 0.003
NGC4503 SB0−: 15.3 0.004
NGC4725 SAB(r)ab 12.4 0.004
NGC5850 SB(r)b 35.2 0.009
NGC7280 SAB(r)0+ 24.3 0.006
NGC7716 SAB(r)b: 34.1 0.009
Notes. (1) Galaxy name; (2) and (3) morphological
types and luminosity distances as extracted from the
catalog of Erwin (2004). Distances are corrected from
Virgocentric motion; (4) redshifts from NED.
2.1 Control samples of single-barred galaxies
Two control samples of single-barred galaxies are used
throughout this paper: those from Me´ndez-Abreu et al.
(2017) and Gadotti (2009).
Me´ndez-Abreu et al. (2017) present the 2D photomet-
ric decompositions of the SDSS g′−, r′−, and i′−images
for 404 galaxies from the CALIFA survey (Sa´nchez et al.
2012). They make use of the GASP2D code. The method-
ology used in Me´ndez-Abreu et al. (2017) is very similar
to the one followed in this work and described in Sect. 3.
For this reason, the photometric parameters for their 162
single-barred galaxies are used as a control sample through-
out this paper. Note that the CALIFA sample expands a
wider redshift range than our double-barred sample, cov-
ering from z=0.005 up to z=0.03. In addition, the analy-
sis of Me´ndez-Abreu et al. (2017) includes two double-bar
hosts as well: NGC7716 and NGC23. While NGC7716 is
included in the sample presented here, NGC23 does not be-
long to the parent sample from Erwin (2004) and it was
therefore not initially considered for this work. Results from
Me´ndez-Abreu et al. (2017) for these two galaxies are shown
together with our measurements whenever it is possible, in
order to demonstrate the good consistency between both
works and particularly for the one galaxy in common.
Gadotti (2009) also performs 2D multi-component pho-
tometric decomposition of SDSS images in all the bands.
His analysis includes nearly 1000 galaxies, among which
he finds 287 bar+bulge hosts. The sample is more distant
(0.02< z <0.07) than the sample presented here, and no
search for possible double bars is performed; some level of
contamination is therefore expected. Note that the code used
for the analysis of Gadotti (2009) is BUDDA (de Souza et al.
2004), which describes bars with Se´rsic profiles instead of
the Ferrers profiles used in this work (see Sect. 3). By using
the works of both Me´ndez-Abreu et al. (2017) and Gadotti
(2009) as control single-barred samples for our analysis, we
further assess possible biases due to the different approaches
considered by the fitting codes.
3 TWO-DIMENSIONAL MULTI-COMPONENT
PHOTOMETRIC DECOMPOSITIONS WITH
GASP2D
The 2D multi-component photometric decompositions are
performed with the code GASP2D (Me´ndez-Abreu et al.
2008, 2014, 2017). GASP2D fits the galaxy 2D surface-
brightness distribution with a combination of structural
components, parameterised by known mathematical func-
tions. A Levenberg-Marquardt algorithm based on a χ2 min-
imisation is used to find the most suitable set of parameters
describing the galaxy light.
GASP2D has already been tested in a number of works to
find the structural composition of a variety of objects, such
as AGN hosts (Ben´ıtez et al. 2013), galaxies with decou-
pled polar bulges (Corsini et al. 2012), and isolated galax-
ies (Morelli et al. 2016). For the present study, the abil-
ity of simultaneously fitting two bar structures was added
to the code, as already introduced in Me´ndez-Abreu et al.
(2017). The available components for the fitting are there-
fore a bulge, up to two bars, and a disc that might show
none, positive, or negative bending (e.g. Erwin et al. 2005;
Pohlen & Trujillo 2006).
For the sake of completeness, in the following we will
present the analytical functions describing each compo-
nent. More details on the fitting procedure can be found
in Me´ndez-Abreu et al. (2017).
The surface brightness distribution of the bulge compo-
nent is parameterised with a Se´rsic profile (Se´rsic 1968) of
the form
Ib(rb) = Ie10
−bn
[(
rb
Re
) 1
n −1
]
, (1)
where rb is the radius measured in the reference system
of the bulge. Re, Ie, and n are the effective (or half-light)
radius, the surface brightness at Re, and the Se´rsic index
describing the curvature of the profile, respectively, and
bn ≃ 0.868n− 0.142 (Caon et al. 1993).
The surface brightness distribution of a galaxy disc is
allowed to take three different shapes, namely: (i) Type I
profile, a single exponential profile, (ii) Type II profile, a
double exponential law with a down-bending beyond the
so-called break radius, and (iii) Type III profile, a double
exponential law with an up-bending in the outer parts of the
disc. To account for these possibilities we adopt the following
parameterisation:
Id(rd) = I0
[
e
−rd
h θ + e
−rbreak (hout−h)
hout h e
−rd
hout (1− θ)
]
, (2)
where
θ =
{
0 if rd > rbreak
1 if rd < rbreak,
and rd is the radius measured in the reference system of the
disc. I0, h, hout, and rbreak are the central surface brightness,
inner scale-length, outer scale-length, and break radius of
the disc, respectively.
The projected surface density of a 3D Ferrers ellipsoid
(Ferrers 1877, see also Aguerri et al. 2009) is used to de-
c© 2018 RAS, MNRAS 000, 1–??
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scribe the surface-brightness distribution of both the inner
and outer bar components:
Ibar(rbar) = I0,bar
[
1−
(
rbar
abar
)2]nbar+0.5
; for rbar 6 abar,
(3)
where rbar is the radius in the reference system of each bar.
The inner and outer bars are allowed to have different ellip-
ticities and position angles. I0,bar, abar, and nbar represent
the central surface brightness, length, and shape parameter
of the bar, respectively. It is worth noting that abar is not
an effective radius, but the radius where the bar intensity
drops to zero.
The bar surface-brightness distribution is assumed to
be axially symmetric with respect to a generalised ellipse
(Athanassoula 1990). Therefore, the radial coordinate is de-
fined as
r =
(
|x|c +
∣∣∣∣ y(1− ǫbar)
∣∣∣∣
c)1/c
, (4)
where ǫbar is the bar ellipticity and c controls the shape of
the isophotes. A bar with pure elliptical isophotes has c=2.
It is c >2 if the isophotes are boxy, and c <2 if they are
discy. The parameters ǫbar and c, as well as the position
angle, are assumed to be constant as a function of radius.
3.1 Selection of the n and c bar parameters
Recovering all possible bar parameters previously described
as free variables in the fitting process is rather difficult even
for single-barred galaxies, due to the high number of degen-
eracies among the parameters. The most commonly used
procedure in photometric decompositions involving Ferrers
profiles is to keep fixed the two shape parameters to their
default nbar=2 and c=2 values (Laurikainen et al. 2005;
Me´ndez-Abreu et al. 2017).
Since we are particularly interested in studying the
structure of inner and outer bars with great accuracy, we
have investigated which values of nbar and c provide the best
fits. For this purpose, we first perform the r′-band double-
barred fit in the usual way, i.e., with fixed values of nbar=2
and c=2. Variations of the profile with nbar are explored
first: the results from the usual fits are introduced as fixed
initial conditions for all the inner and outer bar parameters
(I0,bar, abar, b/a, and PA) except for the outer bar length
aOB, which is allowed to vary. We remark that the corre-
lation between bar length and nbar makes it mandatory to
keep the bar length as a free variable when studying vari-
ations of nbar. GASP2D is then run again with fixed integer
values for nOB ∈ [1, 4]. The trends nOB vs χ
2 are inspected
so the minimum providing the best nOB parameter for the
outer bar is found. The process is then repeated for the inner
bar case, fixing both nOB and aOB parameters to the newly
recovered values.
A similar procedure is carried out to derive the best
c values, varying the integer values of c within the range
c ∈ [1, 5]. For this case, bar length as well as the rest of bar
parameters (including the updated nbar values just obtained
in the previous step) can be kept fixed and therefore this
procedure is just a χ2 computation rather than a fitting.
Again, the outer bar c is explored first.
As the inner bar is small and located at the galaxy cen-
tre, a slight modification of its global shape does not affect
the large scale of the outer bar fitting. However, the extrap-
olation of the outer bar profile towards the central regions
accounts for a certain amount of light that may significantly
affect the inner bar contribution. Determining the outer bar
shape in first place, before exploring nbar and c variations
for the inner bar, is therefore a sensible procedure.
The final parameters for the 2D photometric decompo-
sitions of double-barred galaxies in r′-band, including nbar
and c values for the Ferrers bar profiles, are included in Ta-
blesA1 and A2 and shown in Fig. 1. We find that two thirds
of the outer bars are well reproduced with the default value
c=2, while this percentage slightly decreases down to 53%
for the inner bar case. The remaining inner and outer bars
tend to be boxier than the nominal elliptical case. nbar val-
ues differ even more from the standard case, as only 6 and
4 out of 17 outer and inner bars, respectively, show nbar=2.
Except for one outer bar, bars in general show steeper pro-
files with nbar >2, being nbar=3 the preferred value for most
cases.
3.2 Double- and single-bar fits
All the sample galaxies were found to host a bulge compo-
nent, two bars, and a disc. The r′-band images are used as
benchmarks to perform the first fit. Figure 2 shows an ex-
ample of the final r′-band fit for the galaxy NGC357, which
is composed of a Type-II disc, a bulge, and the inner and
outer bars.
Following the prescription given in Me´ndez-Abreu et al.
(2017), the final parameters for the r′-band are used as ini-
tial guesses for fitting the g′- and i′-band images, fixing the
nbar and c values to the best estimates obtained as described
in Sect. 3.1. Although very similar, slight band-dependent
differences in the measured parameters are expected. Best-
fitting parameters for all the structures in each galaxy and
band are shown in Tables A1 to A6.
The results from the double-barred fits in the r′-band
are also used as initial guesses for single-barred r′-band fits.
The outcomes are found in Tables A7 and A8. These single-
barred fits are done for comparison purposes as discussed in
Sect. 5.
We remark here that all parameters included in Ta-
blesA1 to A8 correspond to direct measurements from the
images, i.e., lengths, radii, and scalelengths are provided in
arcsec and projected onto the plane of the sky. For the analy-
sis presented throughout the paper, bar parameters (lengths,
ellipticities, and position angles) have been deprojected fol-
lowing the recipes given by Gadotti et al. (2007) and an-
gular sizes have been transformed into physical scales. As
explained in Zou et al. (2014), bar parameters for galaxies
with inclinations i >60◦ have not been deprojected due to
the high uncertinties introduced in the process.
3.3 Error computation
The errors on the individual parameters involved in the fit
were computed using a set of tailor-made mock galaxies in a
Monte Carlo fashion. The full description of the methodol-
ogy is presented in Me´ndez-Abreu et al. (2017) and we refer
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Figure 1. Distribution of the nbar and c bar parameters as calculated by the procedure described in Sect. 3.1. Blue and orange histograms
correspond to outer and inner bars, respectively. The vertical dashed lines mark the position of the default values commonly adopted in
the literature. While most bars, especially outer bars, are well reproduced with the standard c=2, nbar shows a wider distribution.
the reader to this paper for a complete description. Here we
provide a brief summary for the sake of clarity.
A sample of 500 mock double-barred galaxies was sim-
ulated using a combination of structural parameters con-
strained within the limits of our real galaxy sample in the r′-
band (see TablesA1 and A2). Each model was built up using
the equations provided in Sect. 3 for each distinct structure
on a 2D grid with the SDSS pixel scale (0.396 arcsec/px).
The total galaxy model was then convolved with a circular
Moffat PSF with the typical FWHM of our SDSS images in
r′-band (Sect. 3) in order to reproduce the observed spatial
resolution. We also adopted the typical values of CCD gain
(4.86 e−/ADU) and read-out noise (5.76 e−), and added the
background and photon noise from the galaxy to yield a
signal-to-noise ratio similar to that of the observations.
Finally, the mock images were analysed using GASP2D in
the same way as real images. The difference between the in-
put and output values provides us with a systematic (mean
value) and statistical (standard deviation) error on the indi-
vidual parameters. Both errors are added in quadrature to
obtain the final values shown in Tables A1 to A8.
4 THREE-DIMENSIONAL SHAPES WITH
galaXYZ
We derive the intrinsic 3D shape for the bulges, outer bars,
and inner bars of our sample using the galaXYZ code, which
follows the procedure described in Me´ndez-Abreu et al.
(2010) and Costantin et al. (2018). This method has been
previously applied to different samples of galactic bulges
and outer bars, but it is used here for the first time in in-
ner bars. Me´ndez-Abreu et al. (2018) and Costantin et al.
(2018) have already demonstrated that the statistical ap-
proach to derive the intrinsic 3D shape is applicable to
any galactic structure if the initial assumptions are ful-
filled, namely: i) all structures under study can be mod-
elled by a triaxial ellipsoid in the same equilibrium plane
as the disc; ii) the galaxy disc is considered to be an oblate
spheroid. We allow for the disc to have a intrinsic thick-
ness according to a normal distribution with mean intrinsic
axial ratio 〈q0,d〉=0.267 and standard deviation σq0,d=0.102
(Rodr´ıguez & Padilla 2013); and iii) all structures share the
same centre, which is adopted as the centre of the galaxy.
All previous conditions are met by the three struc-
tures studied here. A caveat is that stellar bars can
develop vertically-extended components during the so-
called buckling phase. During this time, the bar creates
what is called a box/peanut (B/P) structure in its cen-
tral regions (Combes & Sanders 1981; Athanassoula et al.
1983; Martinez-Valpuesta et al. 2006). These structures
do not comply with our first hypothesis. However, in
Me´ndez-Abreu et al. (2018) it is demonstrated that the pa-
rameters obtained from our photometric decomposition rep-
resent the ’thin’ part of the bar. Possible B/P structures
present in a bar therefore have a small impact in the de-
rived intrinsic shape.
The galaXYZ code needs as input the measured values of
the projected geometric parameters (ellipticity and position
angle) of the disc (representative of the galaxy inclination
and position of the lines-of-nodes), and the structures under
study, i.e. bulges, outer bars, and inner bars in our case. All
these parameters, and their corresponding errors, are pro-
vided by the 2D photometric decomposition carried out in
Sect. 3. Then, galaXYZ randomly generates 1000 geometric
configurations by adopting for each parameter a Gaussian
distribution centred on its measured value and with a stan-
dard deviation equal to its uncertainty. For each geomet-
ric configuration, the code evaluates equations 5 and 6 in
Costantin et al. (2018). This is carried out in a Monte Carlo
fashion with 5000 simulations of the intrinsic semiaxis ratios
B/A and C/A.
The result of this analysis is a joined probability distri-
bution function (PDF) of B/A and C/A, i.e., the PDF of the
intrinsic 3D shape of each structure. An example is shown
in Fig. 3 for the inner bar of NGC2859. Our approach is
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Figure 2. 2D multi-component photometric decomposition of the SDSS-DR9 r′-band image of the double-barred galaxy NGC357
performed with GASP2D. The top panels show the original image (left), the 2D best-fitting model (middle), and the residuals (right). The
bottom left panel shows the original surface-brightness radial profile (black points) as derived with an isophotal fitting. Blue dashed,
green dash-dotted, yellow dash-dotted, and red dotted lines show the bulge, inner bar, outer bar, and disc components, respectively.
The disc is truncated showing a down-bending. Residuals are included in the lower subpanel while the inset zooms into the very central
region. Bottom middle and bottom right panels show the ellipticity and position angle profiles from the isophotal fitting of the original
image (black dots) and the same measurements for the 2D model (green lines).
entirely based on the projected geometric properties of each
structure and the PDF is calculated independently for each
structure in a galaxy. The most probable B/A and C/A val-
ues and their corresponding 1σ uncertainties are shown in
Table 2. We notice here that the width of the PDF in either
B/A or C/A does not only depend on the photometric de-
composition errors, but mostly on the lack of knowledge of
the Euler angle (φ), i.e., the angle describing the position
of the intrinsic major axis of the structure with respect to
the line-of-nodes in the plane of the disc. Therefore, there
are some projected configurations (combination of the disc
and structure geometry) that are less suited to derive the
3D shape and they provide large uncertainties. Values with
1σ errors in any intrinsic semiaxis ratio larger than 0.5 are
not included in the final analysis.
We remark that GASP2D provides the size of each struc-
ture as projected on the sky; those values are then de-
projected following the methodology described in Gadotti
(2009), thus sizes in the galaxy plane are finally estimated.
On the other hand, galaXYZ performs a statistical recov-
ery of the size of each structure in both the galaxy plane
and perpendicular to it. Since galaXYZ uses the outcomes
from GASP2D as input values, the results from both analyses
are not fully independent. However, the PDF delivered by
galaXYZ include statistical as well as methodology-intrinsic
uncertainties, and we select as final value the one single point
with the maximun likelihood. A good agreement between
the in-plane sizes retrieved by GASP2D and galaXYZ there-
fore indicates the goodness of our combined analysis. Such
analysis is shown in Fig. 4. In this case, all 17 galaxies from
the sample are included in the plot regardless of their error
bars: those finally removed from the analysis with error bars
greater than 0.5 are shown in grey, while the coloured sym-
bols correspond to the remaining 8 galaxies. The excellent
correspondence between the measurements from both tech-
niques, even for the dismissed galaxies, argues in favor of
this analysis and shows how conservative the uncertainties
provided by the PDF are.
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Figure 3. 3D statistical derivation of the intrinsic shape for the inner bar of the double-barred galaxy NGC2859. The joined probability
distribution functions (PDF) of the in-plane and off-plane axis ratios, B/A and C/A, are plotted in green colours. The value with the
highest probability is shown with a yellow diamond. The regions corresponding to different shapes are indicated (prolate, oblate, and
triaxial; see Me´ndez-Abreu et al. 2018). Such analysis has been performed for all bulges, inner bars, and outer bars of the sample.
Figure 4. Comparison between the semi-major axis ratios in the galaxy plane for the outer (triangles; left) and inner (squares; right)
bars as measured in 2D with GASP2D and then deprojected (horizontal axes), and measured in 3D with galaXYZ (which provides already
deprojected values; vertical axes). Coloured symbols correspond to galaxies with uncertainties in any semi-major axis (B/A or C/A - not
shown in this plot- for either the inner or outer bar) less than 0.5, while the grey symbols represent galaxies with larger uncertainties.
The good agreement between both techniques is indicated by a relationship close to the yellow-dashed 1:1 line in each plot.
5 INFLUENCE OF INNER BARS IN BULGE
PARAMETERS
Photometric decompositions have been widely used in the
literature for studying the central regions of galaxies and,
particularly, the nature of bulges (e.g., Gadotti 2009). Cur-
rent estimates establish that ∼20% of disc galaxies are
double-barred (e.g., Erwin & Sparke 2002; Laine et al. 2002;
Erwin 2011), and this is most likely a lower limit due to the
small sizes of inner bars (∼23% of the outer bar size as
shown in Paper II). Despite their frequent presence, inner
bars have never been taken into account when decompos-
ing galaxies and not including bars in the photometric de-
compositions may significantly affect the derived bulge pa-
rameters (e.g., Laurikainen et al. 2006; Me´ndez-Abreu et al.
2017), hampering the conclusions obtained in many works.
In Fig. 5 we compare the double- and single-barred r′-band
fits of the double-barred galaxies in order to quantify how
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Figure 5. Bulge structural parameters as measured from the photometric decompositions in r′-band including two bars (vertical axes)
and the most common method of considering only one single bar (horizontal axes). Top left: bulge effective radii; top right: Se´rsic
indices; bottom left: ellipticities; bottom right: position angles. The grey dashed line marks the 1:1 relationship in each panel. Values
are colour-coded by length of the inner bar as obtained from the double-barred fitting and indicated by the right-hand side colour bar.
Except for the Se´rsic indices of the most extended bulges (n <1) and the ellipticities of few galaxies with long inner bars, no major bias
is introduced by disregarding inner bars.
much bulge measurements (effective radius, Se´rsic index, el-
lipticity, and position angle) are affected when inner bars
are not included in the analysis.
The effective radii measurements are in good agreement,
with a mean difference of 0.07 kpc between the single- and
double-bars fits. This value is lower than the typical errors
introduced by the adopted methodology (see Tables A7 and
A8) for all the galaxies, and therefore negligible. The agree-
ment between Se´rsic indices is also remarkably good except
for the two galaxies with n <1, one of which hosts a ex-
tremely small bulge (NGC2681). For the remaining galax-
ies we obtain a mean difference of 0.2, slightly higher than
the errors from the decompositions. The ellipticity shows
the largest discrepancy among all parameters, with a mean
difference of 0.05, i.e., larger than 10% of the typical val-
ues. We note however that such measurement is of the order
or only slightly larger than the typical errors derived from
GASP2D. Finally, the position angle is the best behaved mea-
surement, with only one discrepant galaxy corresponding to
a very spherical bulge (ǫ =0.03), where the position angle is
irrelevant.
We can therefore conclude that the bulge parameters
are rather insensitive to disregarding the inner bar in the
fits. However, small differences are observed. With the aim
of identifying the main contributor to such discrepancies,
measurements in Fig. 5 are colour-coded attending to the
length of the (dismissed) inner bars. A subtle trend pointing
at largest inner bars causing the largest differences in the de-
rived ellipticity and effective radius of the bulges is observed,
although inner bar size does not account for discrepancies
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Table 2. Intrinsic 3D shape of the different structures in our
sample.
Galaxy Structure B/A C/A
NGC357 Bulge 0.940.960.84 0.76
1.01
0.34
NGC357 Outer bar 0.460.510.39 1.96
2.00
0.69
NGC357 Inner bar 0.911.000.74 0.96
1.26
0.36
NGC718 Bulge 0.810.860.69 1.21
1.89
0.34
NGC718 Outer bar 0.360.410.16 1.04
1.79
0.24
NGC718 Inner bar 0.560.690.24 0.99
1.84
0.24
NGC2642 Bulge 0.840.890.69 0.91
2.00
0.26
NGC2642 Outer bar 0.160.260.06 0.69
1.24
0.16
NGC2642 Inner bar 0.140.210.04 0.34
0.79
0.11
NGC2681 Bulge 0.910.940.79 0.56
1.09
0.09
NGC2681 Outer bar 0.760.760.69 1.66
2.00
0.89
NGC2681 Inner bar 0.890.910.76 1.31
1.71
0.69
NGC2859 Bulge 0.961.000.91 0.86
1.01
0.64
NGC2859 Outer bar 0.640.690.54 1.79
2.00
0.74
NGC2859 Inner bar 0.340.410.11 0.41
0.66
0.14
NGC2950 Bulge 0.660.710.41 0.59
0.81
0.19
NGC2950 Outer bar 0.490.540.24 0.36
0.64
0.11
NGC2950 Inner bar 0.740.760.49 0.36
0.69
0.09
NGC2962 Bulge 1.001.000.96 0.96
0.99
0.91
NGC2962 Outer bar 0.760.790.44 0.19
0.46
0.06
NGC2962 Inner bar 1.001.000.96 0.64
0.74
0.49
NGC3368 Bulge 0.910.940.74 0.41
0.64
0.19
NGC3368 Outer bar 0.540.590.31 0.46
0.74
0.11
NGC3368 Inner bar 0.440.510.19 0.31
0.54
0.09
NGC3941 Bulge 0.910.940.76 0.61
0.79
0.39
NGC3941 Outer bar 0.510.590.26 0.29
0.51
0.09
NGC3941 Inner bar 0.710.760.51 0.56
0.81
0.16
NGC3945 Bulge 0.940.960.86 0.66
0.79
0.49
NGC3945 Outer bar 0.810.860.66 1.66
1.86
1.01
NGC3945 Inner bar 0.510.640.21 0.29
0.51
0.09
NGC4314 Bulge 0.840.910.64 0.66
1.39
0.09
NGC4314 Outer bar 0.210.260.09 0.36
0.61
0.11
NGC4314 Inner bar 0.840.890.66 0.76
1.49
0.14
NGC4340 Bulge 0.910.960.79 0.54
0.74
0.34
NGC4340 Outer bar 0.290.310.11 0.51
0.84
0.14
NGC4340 Inner bar 0.240.260.11 0.61
1.01
0.16
NGC4503 Bulge 0.840.910.64 0.64
0.76
0.41
NGC4503 Outer bar 0.610.660.31 0.29
0.44
0.06
NGC4503 Inner bar 0.440.510.24 0.41
0.76
0.16
NGC4725 Bulge 0.810.860.59 0.71
0.86
0.46
NGC4725 Outer bar 0.740.760.46 0.44
0.59
0.19
NGC4725 Inner bar 0.210.490.11 0.79
2.00
0.31
NGC5850 Bulge 1.001.001.00 0.94
0.99
0.91
NGC5850 Outer bar 0.240.310.09 0.24
0.36
0.09
NGC5850 Inner bar 0.390.440.21 1.86
2.00
0.61
NGC7280 Bulge 0.890.960.64 0.31
0.64
0.11
NGC7280 Outer bar 0.610.690.34 0.31
0.59
0.09
NGC7280 Inner bar 0.110.160.04 0.11
0.24
0.04
NGC7716 Bulge 0.640.740.29 0.49
0.94
0.11
NGC7716 Outer bar 0.460.540.21 0.46
0.79
0.14
NGC7716 Inner bar 0.910.940.79 0.49
0.91
0.11
in the Se´rsic indices. The same test has been performed by
colour-coding the values with other quantities such as Se´rsic
index, bulge effective radius, and Re/aIB ratio. No clear cor-
relations have been found, apart from the expected fact that
galaxies with large inner bars with respect to the bulge size
(i.e., small Re/aIB ratios) tend to compensate the dismissed
inner bar by increasing the size of the bulge (Re). We there-
fore conclude that most likely a combination of all those
parameters (inner bar parameters with respect to bulge pa-
rameters) is responsible for the differences found between
the single- and double-barred fits. We emphasise again that
deviations are small and generally within the error bars.
We note that the inner bar contribution to the total
galaxy light can be as low as 0.5% with a mean value of 4%,
while the outer bar accounts for [4%, 28%] of the total light.
It is therefore reasonable to find that bulge measurements
do not vary in a significant way when inner bars are not
accounted for and therefore their light is included as bulge
light.
For the sake of completeness, we have also investigated
whether dismissing the inner bar has any effect over the
outer bar parameters. While the length and position angle
of the outer bar are absolutely independent from including
the inner bar or not, very subtle differences are found for the
outer bar ellipticity. However, such differences do not depend
on the inner bar size and they are well within the error bars,
thus supporting the idea that outer bar parameters are not
affected by the inner bar.
6 THE NATURE OF BULGES WITHIN
DOUBLE-BARRED GALAXIES
6.1 Traditional photometric diagnostics
Figure 6 shows the distribution of Se´rsic indices for the
bulges of our double-barred sample. Following the tradi-
tional demarcation n=2, we find that 6 out of the 17 double-
barred galaxies host bulges with n >2 and they can there-
fore be considered classical bulges. The remaining 11 galax-
ies, i.e. the majority (65%) of the sample, host disc-like
bulges attending to this pure Se´rsic index diagnostics. Since
our conclusions might be hampered by the limited size of
the sample, we compare with the 162 single-barred galaxies
of Me´ndez-Abreu et al. (2017), also shown in Fig. 6. This
comparison sample does show a higher incidence of bulges
with n <2 (77%), thus complying with the expectation that
single/double-barred galaxies should show a large fraction of
disc-like bulges. In particular, the two double-barred galax-
ies in Me´ndez-Abreu et al. (2017) host bulges with n <2.
For the sake of completeness, Fig. 6 shows the results for
the 287 barred galaxies included in the sample of Gadotti
(2009) as well. We remind the reader that this represents a
more distant sample where bars are modelled with a Se´rsic
profile instead of a Ferrers profile; these differences may ac-
count for the higher abundance of bulges with n >2 found
in this case (59%).
The Kormendy (1977) relation is drawn in Fig. 7. As in
the previous plot, the samples of bulges within barred galax-
ies from Gadotti (2009) and Me´ndez-Abreu et al. (2017)
are also shown. The dashed line represents the demarca-
tion found by Gadotti (2009) to separate between the clas-
sical and disc-like nature of the bulges. We remark that the
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Figure 6. Distribution of the bulge Se´rsic indices for our double-
barred sample as indicated by the right-hand side vertical axis.
The usual separation n <2 and n >2 is highlighted in blue and
red, respectively. The grey histogram shows the normalised Se´rsic
distribution for the bulges of barred galaxies in the CALIFA
survey, as published in Me´ndez-Abreu et al. (2017). This sam-
ple contains two double-barred galaxies, whose Se´rsic values are
indicated with either dashed black lines. The normalised distribu-
tion of Se´rsic indices for the sample of barred galaxies of Gadotti
(2009) is outlined in yellow. The Me´ndez-Abreu et al. (2017) and
Gadotti (2009) distributions have been normalised to a maximum
value of 1 for the sake of comparison with the sample of double-
barred galaxies, as indicated by the left-hand side vertical axis.
CALIFA barred galaxies in Me´ndez-Abreu et al. (2017) are
analysed with GASP2D; many bulges in this sample are com-
patible with being classical but there is also a less populated
cloud of disc-like-compatible bulges which extends up to the
regime of large bulges. Surprisingly, all bulges in double-
barred galaxies lay at the top sequence of classical bulges
regardless of their Se´rsic indices. In fact, no trend with n
shows up in Fig. 7. We must note that the well-known de-
pendence of the Kormendy relation with the stellar mass
(Nigoche-Netro et al. 2008) makes this diagnostic not fully
reliable. Such problem is shown in Costantin et al. (2017),
where it is also claimed that a single line division might not
be the correct way to separate classical and disc-like bulges
using this diagnostic.
In summary, the traditional Se´rsic index and
Kormendy-relation discriminators provide contradic-
tory results, with a majority of disc-like bulges in the first
case and all classical bulges in the second case for the
double-barred galaxies under study.
6.2 3D intrinsic shape of bulges
In Costantin et al. (2018), different diagnostics to constrain
the nature of bulges are put at test. The main conclusion of
that work is that the traditional pure-photometric methods
based on projected quantities such as the Se´rsic index do
not provide clear separations between classical and disc-like
Figure 7. The Kormendy (1977) relation for the bulges of our
double-barred sample (stars) and the two double-barred galaxies
included in the analysis of Me´ndez-Abreu et al. (2017, circles),
colour-coded by their Se´rsic index following the right-hand side
colour bar. The corresponding values for the barred samples of
Me´ndez-Abreu et al. (2017, orange circles) and Gadotti (2009,
grey asterisks) are shown for comparison, and the dashed black
line marks the demarcation line defined by Gadotti (2009) to sep-
arate classical and disc-like bulges. The bulges in double-barred
galaxies, as well as most of the bulges in the barred galaxies from
Me´ndez-Abreu et al. (2017), lay within the classical regime.
bulges (see also Me´ndez-Abreu et al. 2018). The probabilis-
tic retrieval of the 3D intrinsic shape of bulges represents
a better suited diagnostic, as it allows the study of the in-
trinsic flattening of these structures, once isolated from the
remaining components of the galaxy.
Disc-like bulges are expected to be flattened structures
with a close-to-circular projection in the galaxy plane, due
to their rotating nature. Only two bulges in our sample
comply with these requirements, as indicated by the results
shown in Table 2: NGC3368 (B/A =0.91 and C/A =0.41)
and NGC7280 (B/A =0.89 and C/A =0.31). They there-
fore represent the best candidates to host disc-like bulges.
Note that NGC3368 does show a bulge Se´rsic index n <2,
while NGC7280 would be classified as a classical-bulge host
according to the Se´rsic index discriminator.
Me´ndez-Abreu et al. (2018) discuss why bulges which
are intrinsically flatter than their coexistent single bars rep-
resent even stronger candidates to have a disc-like nature.
Such conclusion is based on the fact that the vertical ex-
tension of bars is closely related to that of galaxy discs, so
if bulges are as flats as bars, they are also at least as flat
as discs, a result which is hard to reconcile with a classical
nature. The left panel of Fig. 8 shows the intrinsic semiaxis
ratios of bulges and outer bars. Only the 10 out of 17 double-
barred galaxies with uncertainties lower than 0.5 in the de-
rived 3D parameters of bulges and outer bars are plotted.
Four galaxies show close values of the flattening between
bulges and outer bars. These are NGC3368, NGC4340,
NGC7280, and NGC7716, being NGC3368 the only one
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Figure 8. Deprojected semi-major axis ratios of the 3D ellipsoids describing the bulges and outer bars (left panel), and bulges and inner
bars (right panel). The horizontal axes show ratios in the galaxy plane, while the vertical axes correspond to the off-plane ratios. We only
include galaxies for which the uncertainties in every axis ratio involved in the plot are <0.5. The values for each galaxy are colour-coded
by bulge Se´rsic index as indicated in the right-hand side colour bar. The four galaxies discussed in Sect. 6.2 are identified in both plots.
For the sake of clarity, error bars are not shown.
with an intrinsic flattening for the bulge (C/A =0.41) es-
trictly lower than that for the outer bar (C/A =0.46).
NGC3368 and NGC7280 therefore remain as the two best
candidates for hosting disc-like bulges. Note that the bulge
of NGC7716 has an axis ratio B/A =0.64, which does not
fulfill the axisymmetric projection requirement.
For the sake of completeness, the right panel of Fig. 8
shows similar results but comparing the intrinsic flatten-
ing of bulges and inner bars. A different set of 10 galaxies
with low uncertainties affecting bulge and inner bar mea-
surements are plotted in this case. NGC3368 and NGC7280
are included in this right panel: they host thicker bulges than
the corresponding inner bars, while NGC4340 hosts a flat-
ter and almost circular bulge, and NGC3941 and NGC7716
show similar intrinsic flattenings for bulges and inner bars.
The intrinsic shape of inner bars has never been studied in
the literature and no relationship between it and the nature
of bulges is a-priori expected. A detailed comparison be-
tween the 3D shapes of inner and outer bars is presented in
Paper II.
7 DISCUSSION
We discuss here our results within the context of the two
major questions brought up in Sect. 1 about bulges within
double-barred systems: i) do double-barred galaxies host a
larger fraction of disc-like bulges than non-barred galaxies
due to the efficient secular evolution that is expected to
take place in them?; and ii) are bars within bars formed
due to the presence of a disc-like component resulting from
secular evolution due to the large-scale bar?
Following both the Kormendy relation (Fig. 7) and the
3D intrinsic shape (Fig. 8) as diagnostics for the bulge na-
ture, our results agree with double-barred galaxies mostly
Table 3. Bulge colours (within one bulge effective radius), bulge
masses, and galaxy masses.
Galaxy (g’-i’) (r’-i’) log(M⋆,bulge (M⊙)) log(Mgal (M⊙))
NGC357 1.52 0.49 10.27 10.88
NGC718 1.07 0.34 9.83 10.33
NGC2642 1.53 0.46 10.45 10.62
NGC2681 -0.04 -0.10 7.91 9.51
NGC2859 1.20 0.41 10.40 10.64
NGC2950 1.18 0.36 9.97 10.38
NGC2962 1.46 0.47 10.00 10.61
NGC3368 1.47 0.50 10.44 **
NGC3941 1.20 0.39 9.80 10.41
NGC3945 1.25 0.38 9.32 10.78
NGC4314 1.10 0.39 9.76 10.19
NGC4340 1.14 0.40 9.38 9.99
NGC4503 1.29 0.43 9.92 10.47
NGC4725 1.28 0.49 10.24 **
NGC5850 1.38 0.47 10.66 11.02
NGC7280 1.40 0.34 10.10 10.34
NGC7716 1.38 0.46 10.53 10.67
** Absolute magnitudes for the galaxies are obtained from
SDSS. No values are provided for these galaxies and therefore
masses cannot be computed.
hosting classical bulges. Only the bulge Se´rsic indices point
towards a larger fraction of disc-like bulges.
Two galaxies among the sample of 17 individuals,
NGC3368 and NGC7280, stand out as the best candidates
for hosting disc-like bulges as suggested by our preferred
diagnostics of intrinsic flattening. With the aim of under-
standing better the origin of bulges within double-barred
galaxies, we compute colours for the isolated bulges by using
the results from the 2D photometric decompositions in the
different bandpasses (Table 3). Results among galaxies can
be directly compared as we use colours integrated within one
bulge effective radius, so no bias due to different galaxy sizes
affects the results. All our bulges show rather red colours,
with median values of (g′− i′)=1.28 and (r′− i′)=0.41. Note
these values agree with the results for classical bulges in, e.g.,
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Gadotti (2009, although take into account they integrate
inside a fibre instead of bulge effective radius). If disc-like
bulges are secularly formed after a star-forming process trig-
gered by gas which has inflowed along the bar to the central
regions, they should show bluer colours due to a younger
stellar content with respect to the older surrounding struc-
tures. NGC3368 and NGC7280 show colours which are even
redder than the median, with (g′−i′) values of 1.47 and 1.40,
respectively. Bulge colours do indeed point towards an old,
classical nature for all bulges in the sample.
Figure 3 in Fisher & Drory (2011) shows that disc-like
bulges are more frequent in less massive galaxies, and there-
fore any mass bias in our sample needs to be considered
as well (see also Fig. 12 in Gadotti 2009). We calculate the
galaxy masses by using the colours and the recipe given
by Zibetti et al. (2009). Results are shown in Table 3. Our
galaxies span a wide range of masses between 3×109 and
1×1011M⊙, with a median value of 2.6×10
10M⊙. Actually,
a larger fraction of disc-like bulges is expected in galaxies
at these masses, so no mass bias appears to be affecting our
analysis.
In summary, most of the diagnostics indicate our
double-barred galaxies host classical bulges. At first glance,
this finding may look like against the expectations: sec-
ular processes should have played a major role in these
kind of galaxies and therefore a significant presence of
disc-like bulges is expected. However, we must note here
that the traditional paradigm of a single, either classi-
cal or disc-like, bulge in a galaxy has recently been chal-
lenged by many authors: the coexistence of several bulges
of different nature has been observationally demonstrated
by Me´ndez-Abreu et al. (2014) and Erwin et al. (2015). An
exhaustive analysis combining photometric with kinematic
information is claimed to be required in order to clearly
distinguish the nature and possible presence of more than
one bulge within a galaxy. If our double-barred galaxies
were hosting composite bulges, the analysis presented here
would correspond to the dominant structure in light, which
would be the one revealed in the images and the photo-
metric decompositions. A previously-formed classical bulge
could therefore be hiding the presence of a secularly-formed
disc-like bulge in our galaxies.
In de Lorenzo-Ca´ceres et al. (2018a, submitted),
we investigate the kinematics and stellar populations
of two double-barred galaxies for which MUSE TIMER
integral-field spectroscopic data is available: NGC1291 and
NGC5850 (also included in this sample). For those galaxies
we perform 2D photometric decompositions of 3.6µm im-
ages including a bulge, two bars, (truncated) disc and also
an inner disc. Whether we can call these inner discs as disc-
like bulges (and therefore composite bulges as both galaxies
do host an additional bulge component as well) is a matter
of semantics out of the scope of this discussion. However,
we do find a strong connection between the size of the in-
ner discs and the inner bars, suggestive of a dynamical ori-
gin of those inner bars from instabilities in the small-scale
discs. The goal of the photometric study of double-barred
galaxies presented here is to study the nature of the dom-
inant bulges, as we do not have the support of high reso-
lution spectroscopic data which may reveal the presence of
rotating inner discs. Therefore we cannot discard the possi-
bility of having a faint inner disc coexisting with the clas-
sical bulges in several (if not all) double-barred galaxies,
as it is indeed the case for NGC5850 (and also NGC357,
NGC4725 and NGC2859, see the kinematic evidences in
de Lorenzo-Ca´ceres et al. 2008, de Lorenzo-Ca´ceres et al.
2012, and de Lorenzo-Ca´ceres et al. 2013).
The B/P structures developed at the inner regions
of large stellar bars are considered also as ’bulges’ by
several authors, attending to the fact that they are central
components which cause an excess of light with respect to
the pure disc and bar. Although we emphasise that B/P
are not isolated structures but they rather belong to the
bars, we have performed here a visual inspection of our
double-barred galaxies with the aim at looking for signa-
tures of the presence of a B/P component coexisting with
the dominant bulge. In particular, we search for a barlens:
an oval component seen in moderately inclined galaxies
which is supposed to be the face-on counterpart of the
X-shaped B/P structure seen edge-on (Athanassoula et al.
2015; Laurikainen & Salo 2017). Other indicators of the
presence of a B/P are isophotal twists in the innermost bar
regions, which tend to show boxy isophotes accompanied
of narrow outermost isophotes (the so-called spurs, see
Erwin & Debattista 2013, 2017). Note that the bulge
component found in our analysis and studied throughout
this paper does not correspond to the possible B/P re-
vealed by this visual inspection. 7 out of 17 galaxies do
not show signatures of the presence of a B/P (NGC718,
NGC2681, NGC2962, NGC3368, NGC4503, NGC7280,
and NGC7716), while 4 out of 17 galaxies host clear
barlenses (NGC2950, NGC3945, NGC4314, NGC4340).
For the remaining 6 galaxies, the classification of B/P
structures is unclear: NGC357, NGC2642, NGC2859,
NGC3941, and NGC4725 show weak elliptical structures,
spurs, or isophotal twists that may be due to B/P. Finally,
NGC5850 shows a component resembling a barlens but
the kinematic study presented in de Lorenzo-Ca´ceres et
al. (2018a, submitted) reveals that it is indeed an inner disc.
In order to constrain whether there is any further rela-
tion between our dominant bulges and the double bars, cor-
relations between the bar parameters (ellipticity and length)
and bulge parameters (Se´rsic index and effective radius)
have been searched for, with no particular results found.
As a final note, the fact that all our galaxies are better fit-
ted by including a bulge component, i.e, all double-barred
galaxies do host a bulge, might be relevant for understand-
ing their formation. Our sample includes some late Hubble
types up to Sbc but no bulgeless galaxy is found. This may
point towards a connection between the presence of inner
bars and formation of bulges, and it even poses the question
of whether the presence of a classical bulge is required for
forming an inner bar through, e.g., dynamical stabilization
of the central regions.
8 CONCLUSIONS
We present a complete photometric study of a sample of 17
double-barred galaxies consisting of two analyses which are
for the first time applied to these kind of objects: i) 2D pho-
tometric decompositions including a bulge, inner bar, outer
c© 2018 RAS, MNRAS 000, 1–??
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bar, and (truncated) disc, and ii) 3D deprojections of bulges,
inner bars, and outer bars thus retrieving their actual in-
trinsic shape. While the photometric properties of bars are
explored in the companion Paper II, the current work fo-
cuses on the properties of bulges. In particular, we constrain
the classical vs. disc-like nature of bulges in double-barred
systems. Our galaxy sample spans a wide range in galaxy
masses. The main results are:
• All double-barred galaxies under study host a bulge
component.
• The bulge properties derived through photometric de-
compositions are not significantly affected by dismissing the
presence of the inner bar.
• 65% of the galaxies host bulges with Se´rsic index n <2.
• All bulges lay at the top sequence of the Kormendy
(1979) relation, in the region supposedly populated by clas-
sical bulges.
• No correlations are found between inner bar properties
(length and ellipticity) and bulge properties (Se´rsic index
and effective radius).
• Only 2 out of 17 bulges show an intrinsic shape com-
patible with a disc-like nature, i.e., almost circular in-plane
projection and flattened off-plane profile: NGC3368 and
NGC7280.
• 3 out of 17 bulges (including NGC3368 and NGC7280)
are flatter than their corresponding outer bars. This has
been argued to be an indication of their disc-like nature.
• Inner bars are either flatter or with similar flattening
than their coexisting bulges.
• All bulges show rather red colours.
Most previous results support a classical nature for
bulges within double-barred galaxies. A major incidence of
secularly-formed structures such as disc-like bulges is ex-
pected in these galaxies, where two non-axisymmetric struc-
tures may help to transport gas to the central regions. We
note that composite bulges are not studied in this work and
therefore we cannot rule out the possibility of a faint disc-
like component, or even other kind of secularly-formed sub-
structure, coexisting within these galaxies; we refer to the
dominant bulge in this analysis. The presence of a dominant
classical bulge in all double-barred galaxies under study sug-
gests that hosting a hot component may be necessary for
the dynamical development of an inner bar within a barred
galaxy.
ACKNOWLEDGMENTS
We are very grateful to the anonymous referee, whose
comments helped improving the content and presentation
of this paper. AdLC acknowledges support from grants
ST/J001651/1 (UK Science and Technology Facilities Coun-
cil - STFC) and AYA2016-77237-C3-1-P (Spanish Ministry
of Economy and Competitiveness - MINECO). JMA ac-
knowledges support from the Spanish Ministry of Economy
and Competitiveness (MINECO) by grant AYA2017-83204-
P.
REFERENCES
Aguerri J. A. L., Balcells M., Peletier R. F., 2001, A&A,
367, 428
Aguerri J. A. L., Me´ndez-Abreu J., Corsini E. M., 2009,
A&A, 495, 491
Ahn C. P., Alexandroff R., Allende Prieto C., Anderson
S. F., Anderton T., Andrews B. H., Aubourg E´., Bailey
S., Balbinot E., Barnes R., et al. 2012, ApJS, 203, 21
Athanassoula E., 1990, Annals of the New York Academy
of Sciences, 596, 181
Athanassoula E., Bienayme O., Martinet L., Pfenniger D.,
1983, A&A, 127, 349
Athanassoula E., Laurikainen E., Salo H., Bosma A., 2015,
MNRAS, 454, 3843
Ben´ıtez E., Me´ndez-Abreu J., Fuentes-Carrera I., Cruz-
Gonza´lez I., Mart´ınez B., Lo´pez-Martin L., Jime´nez-
Bailo´n E., Chavushyan V., Leo´n-Tavares J., 2013, ApJ,
763, 136
Boone F., Baker A. J., Schinnerer E., Combes F., Garc´ıa-
Burillo S., et al. 2007, A&A, 471, 113
Bournaud F., Elmegreen B. G., Elmegreen D. M., 2007,
ApJ, 670, 237
Caon N., Capaccioli M., D’Onofrio M., 1993, MNRAS, 265,
1013
Combes F., Debbasch F., Friedli D., Pfenniger D., 1990,
A&A, 233, 82
Combes F., Sanders R. H., 1981, A&A, 96, 164
Corsini E. M., Me´ndez-Abreu J., Pastorello N., Dalla Bonta`
E., Morelli L., Beifiori A., Pizzella A., Bertola F., 2012,
MNRAS, 423, L79
Costantin L., Corsini E. M., Me´ndez-Abreu J., Morelli L.,
Bonta` E. D., Pizzella A., 2018, MNRAS
Costantin L., Me´ndez-Abreu J., Corsini E. M., Eliche-
Moral M. C., Tapia T., Morelli L., Dalla Bonta` E., Pizzella
A., 2018, A&A, 609, A132
Costantin L., Me´ndez-Abreu J., Corsini E. M., Morelli L.,
Aguerri J. A. L., Dalla Bonta` E., Pizzella A., 2017, A&A,
601, A84
de Lorenzo-Ca´ceres A., Falco´n-Barroso J., Vazdekis A.,
2013, MNRAS, 431, 2397
de Lorenzo-Ca´ceres A., Falco´n-Barroso J., Vazdekis A.,
Mart´ınez-Valpuesta I., 2008, ApJ, 684, L83
de Lorenzo-Ca´ceres A., Vazdekis A., Aguerri J. A. L.,
Corsini E. M., Debattista V. P., 2012, MNRAS, p. 2170
de Souza R. E., Gadotti D. A., dos Anjos S., 2004, ApJS,
153, 411
de Vaucouleurs G., 1975, ApJS, 29, 193
Du M., Shen J., Debattista V. P., 2015, ApJ, 804, 139
Eggen O. J., Lynden-Bell D., Sandage A. R., 1962, ApJ,
136, 748
Eliche-Moral M. C., Balcells M., Aguerri J. A. L., Gonza´lez-
Garc´ıa A. C., 2006, A&A, 457, 91
Erwin P., 2004, A&A, 415, 941
Erwin P., 2011, Memorie della Societa Astronomica Ital-
iana Supplementi, 18, 145
Erwin P., 2015, ApJ, 799, 226
Erwin P., 2018, MNRAS, 474, 5372
Erwin P., Beckman J. E., Pohlen M., 2005, ApJ, 626, L81
Erwin P., Debattista V. P., 2013, MNRAS, 431, 3060
Erwin P., Debattista V. P., 2017, MNRAS, 468, 2058
Erwin P., Saglia R. P., Fabricius M., Thomas J., Nowak N.,
c© 2018 RAS, MNRAS 000, 1–??
Deconstructing double-barred galaxies: bulges 15
Rusli S., Bender R., Vega Beltra´n J. C., Beckman J. E.,
2015, MNRAS, 446, 4039
Erwin P., Sparke L. S., 2002, AJ, 124, 65
Erwin P., Sparke L. S., 2003, ApJS, 146, 299
Ferrers N. M., 1877, Quart. J. Pure and Appl. Math, 14, 1
Fisher D. B., Drory N., 2008, AJ, 136, 773
Fisher D. B., Drory N., 2011, ApJ, 733, L47
Fisher D. B., Drory N., 2016, in Laurikainen E., Peletier R.,
Gadotti D., eds, Galactic Bulges Vol. 418 of Astrophysics
and Space Science Library, An Observational Guide to
Identifying Pseudobulges and Classical Bulges in Disc
Galaxies. p. 41
Friedli D., Benz W., 1995, A&A, 301, 649
Friedli D., Martinet L., 1993, A&A, 277, 27
Gadotti D. A., 2008, MNRAS, 384, 420
Gadotti D. A., 2009, MNRAS, 393, 1531
Gadotti D. A., Athanassoula E., Carrasco L., Bosma A.,
de Souza R. E., Recillas E., 2007, MNRAS, 381, 943
Gadotti D. A., Sa´nchez-Bla´zquez P., Falco´n-Barroso J.,
Husemann B., Seidel M. K., et al. 2018, MNRAS
Hopkins P. F., Bundy K., Croton D., Hernquist L., Keres
D., Khochfar S., Stewart K., Wetzel A., Younger J. D.,
2010, ApJ, 715, 202
Kormendy J., 1977, ApJ, 218, 333
Kormendy J., 1979, ApJ, 227, 714
Kormendy J., Kennicutt Jr. R. C., 2004, ARA&A, 42, 603
Laine S., Shlosman I., Knapen J. H., Peletier R. F., 2002,
ApJ, 567, 97
Laurikainen E., Salo H., 2017, A&A, 598, A10
Laurikainen E., Salo H., Buta R., 2005, MNRAS, 362, 1319
Laurikainen E., Salo H., Buta R., Knapen J., Speltincx T.,
Block D., 2006, AJ, 132, 2634
Lisker T., Debattista V. P., Ferreras I., Erwin P., 2006,
MNRAS, 370, 477
Maciejewski W., Sparke L. S., 1997, ApJ, 484, L117
Maciejewski W., Sparke L. S., 2000, MNRAS, 313, 745
Ma´rquez I., Durret F., Masegosa J., Moles M., Gonza´lez
Delgado R. M., et al. 2000, A&A, 360, 431
Martinez-Valpuesta I., Shlosman I., Heller C., 2006, ApJ,
637, 214
Me´ndez-Abreu J., 2016, Galactic Bulges, 418, 15
Me´ndez-Abreu J., Aguerri J. A. L., Corsini E. M., Simon-
neau E., 2008, A&A, 478, 353
Me´ndez-Abreu J., Aguerri J. A. L., Falco´n-Barroso J.,
Ruiz-Lara T., Sa´nchez-Menguiano L., et al. 2018, MN-
RAS
Me´ndez-Abreu J., Costantin L., Aguerri J. A. L., de
Lorenzo-Ca´ceres A., Corsini E. M., 2018, MNRAS
Me´ndez-Abreu J., de Lorenzo-Ca´ceres A., Gadotti D. A.,
Fragkoudi F., van de Ven G., Falco´n-Barroso J., Leaman
R., Pe´rez I., Querejeta M., Sa´nchez-Blazquez P., Seidel
M., 2019, MNRAS, 482, L118
Me´ndez-Abreu J., Debattista V. P., Corsini E. M., Aguerri
J. A. L., 2014, A&A, 572, A25
Me´ndez-Abreu J., Ruiz-Lara T., Sa´nchez-Menguiano L., de
Lorenzo-Ca´ceres A., Costantin L., et al. 2017, A&A, 598,
A32
Me´ndez-Abreu J., Simonneau E., Aguerri J. A. L., Corsini
E. M., 2010, A&A, 521, A71
Moffat A. F. J., 1969, A&A, 3, 455
Morelli L., Parmiggiani M., Corsini E. M., Costantin L.,
Dalla Bonta` E., Me´ndez-Abreu J., Pizzella A., 2016, MN-
RAS, 463, 4396
Mun˜oz-Tun˜o´n C., Caon N., Aguerri J. A. L., 2004, AJ, 127,
58
Neumann J., Wisotzki L., Choudhury O. S., Gadotti D. A.,
Walcher C. J., et al. 2017, A&A, 604, A30
Nigoche-Netro A., Ruelas-Mayorga A., Franco-Balderas A.,
2008, A&A, 491, 731
Pagotto I., Corsini E. M., Dalla Bonta` E., Beifiori A.,
Costantin L., Cuomo V., Morelli L., Pizzella A., Sarzi M.,
2017, Astronomische Nachrichten, 338, 841
Peng C. Y., Ho L. C., Impey C. D., Rix H.-W., 2002, AJ,
124, 266
Pohlen M., Trujillo I., 2006, A&A, 454, 759
Rodr´ıguez S., Padilla N. D., 2013, MNRAS, 434, 2153
Sa´nchez S. F., Kennicutt R. C., Gil de Paz A., van de Ven
G., Vı´lchez J. M., et al. 2012, A&A, 538, A8
Sandage A., Brucato R., 1979, AJ, 84, 472
Se´rsic J. L., 1968, Atlas de galaxias australes
Sheth K., Regan M., Hinz J. L., Gil de Paz A., Mene´ndez-
Delmestre K., et al. 2010, PASP, 122, 1397
Shlosman I., Begelman M. C., Frank J., 1990, Nature, 345,
679
Shlosman I., Frank J., Begelman M. C., 1989, Nature, 338,
45
Simard L., Mendel J. T., Patton D. R., Ellison S. L., Mc-
Connachie A. W., 2011, ApJS, 196, 11
Wozniak H., 2015, A&A, 575, A7
York D. G., Adelman J., Anderson Jr. J. E., Anderson
S. F., Annis J., et al. 2000, AJ, 120, 1579
Zibetti S., Charlot S., Rix H.-W., 2009, MNRAS, 400, 1181
Zou Y., Shen J., Li Z.-Y., 2014, ApJ, 791, 11
APPENDIX A: GASP2D STRUCTURAL
PARAMETERS OF 18 DOUBLE-BARRED
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Table A1. ALL PARAMETERS FOR THE DOUBLE-BARRED FITS IN r’-BAND. First set of 9/17 galaxies.
NGC357 NGC718 NGC2642 NGC2681 NGC2859 NGC2950 NGC2962 NGC3368 NGC3941
Bulge
µe 18.52 ± 0.26 18.42 ± 0.15 19.58 ± 0.33 15.96 ± 0.13 18.52 ± 0.16 16.86 ± 0.16 18.32 ± 0.15 18.91 ± 0.16 17.53 ± 0.13
Re 2.68 ± 0.43 3.15 ± 0.32 2.65 ± 0.53 1.65 ± 0.17 5.63 ± 0.47 2.65 ± 0.22 2.22 ± 0.23 14.59 ± 1.22 3.84 ± 0.38
n 1.62 ± 0.18 2.24 ± 0.27 1.57 ± 0.29 0.69 ± 0.05 1.66 ± 0.13 1.88 ± 0.15 1.65 ± 0.20 1.44 ± 0.11 2.28 ± 0.17
b/a 0.90 ± 0.04 0.84 ± 0.04 0.84 ± 0.05 0.86 ± 0.02 0.95 ± 0.02 0.69 ± 0.02 0.97 ± 0.04 0.69 ± 0.02 0.78 ± 0.02
PA 38.76 ± 5.05 163.89 ± 5.20 127.90 ± 7.76 25.71 ± 3.31 103.53 ± 2.97 97.36 ± 2.97 176.86 ± 5.20 154.56 ± 2.97 18.42 ± 3.31
B/T 0.170 0.214 0.092 0.125 0.259 0.257 0.135 0.214 0.224
Disc
µo 20.81 ± 0.07 20.52 ± 0.07 21.11 ± 0.14 20.15 ± 0.14 21.92 ± 0.14 20.17 ± 0.14 21.12 ± 0.07 20.71 ± 0.07 19.29 ± 0.07
hinner 29.56 ± 1.38 22.38 ± 0.85 27.61 ± 1.88 33.38 ± 0.81 63.41 ± 1.05 26.33 ± 0.4 33.73 ± 1.28 80.36 ± 1.33 31.17 ± 0.74
b/a 0.82 ± 0.01 0.95 ± 0.01 0.97 ± 0.02 0.89 ± 0.01 0.84 ± 0.01 0.64 ± 0.01 0.57 ± 0.01 0.65 ± 0.01 0.65 ± 0.01
PA 18.78 ± 0.37 19.70 ± 0.58 151.41 ± 0.90 12.40 ± 0.25 84.73 ± 0.45 123.80 ± 0.45 2.46 ± 0.58 160.7 ± 0.45 9.15 ± 0.25
houter 13.93 ± 0.49 N/A 12.01 ± 0.42 18.70 ± 0.65 N/A N/A N/A N/A 19.99 ± 0.70
Rbreak 48.62 ± 1.65 N/A 45.55 ± 1.54 88.20 ± 2.99 N/A N/A N/A N/A 39.40 ± 1.33
D/T 0.667 0.645 0.806 0.594 0.537 0.444 0.587 0.527 0.614
Outer bar
µo 20.73 ± 0.30 20.42 ± 0.32 21.37 ± 0.45 19.43 ± 0.18 20.70 ± 0.20 19.63 ± 0.20 20.69 ± 0.32 20.16 ± 0.20 19.03 ± 0.18
a 38.42 ± 0.63 46.90 ± 0.78 53.08 ± 1.53 39.64 ± 0.39 72.93 ± 0.79 45.59 ± 0.49 49.52 ± 0.82 135.14 ± 1.46 34.98 ± 0.34
n 3 4 3 3 3 3 2 3 2
b/a 0.44 ± 0.04 0.42 ± 0.02 0.24 ± 0.06 0.73 ± 0.02 0.63 ± 0.03 0.53 ± 0.03 0.47 ± 0.02 0.59 ± 0.03 0.44 ± 0.02
PA 119.74 ± 0.28 150.89 ± 0.33 117.11 ± 0.58 83.57 ± 0.16 159.32 ± 0.13 156.05 ± 0.13 174.39 ± 0.33 128.19 ± 0.13 171.29 ± 0.16
c 3 2 4 2 2 2 2 2 2
Bar/T 0.106 0.127 0.097 0.170 0.182 0.204 0.224 0.247 0.136
Inner bar
µo 19.93 ± 0.98 18.50 ± 0.24 18.55 ± 2.04 17.81 ± 1.09 18.33 ± 1.06 18.32 ± 1.06 19.88 ± 0.24 17.55 ± 1.06 19.01 ± 1.09
a 13.61 ± 2.46 4.11 ± 0.70 3.26 ± 1.10 13.75 ± 1.16 11.21 ± 1.15 17.18 ± 1.76 14.99 ± 2.54 10.47 ± 1.07 13.42 ± 1.14
n 3 2 2 3 3 4 3 3 3
b/a 0.90 ± 0.06 0.63 ± 0.06 0.18 ± 0.13 0.89 ± 0.03 0.37 ± 0.04 0.63 ± 0.04 0.74 ± 0.06 0.44 ± 0.04 0.71 ± 0.03
PA 157.75 ± 2.85 31.99 ± 2.21 160.04 ± 3.64 75.77 ± 2.09 62.32 ± 1.30 140.56 ± 1.30 0.96 ± 2.21 133.83 ± 1.30 165.58 ± 2.09
c 2 4 2 2 4 2 2 4 2
Bar/T 0.057 0.013 0.005 0.111 0.022 0.094 0.053 0.012 0.026
Intensities are in magnitudes/arcsec2 .
Effective radii, disc scalelengths and break radii, and bar lengths are provided in arcsec.
Position angles are given in degrees from North to East.
b/a is the minor-to-major axis of the projected ellipsoid (ellipticity is ǫ =1-b/a).
The analytical functions describing the structures are explained in Sect. 3.
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Table A2. ALL PARAMETERS FOR THE DOUBLE-BARRED FITS IN r’-BAND. Last set of 8/17 galaxies
NGC3945 NGC4314 NGC4340 NGC4503 NGC4725 NGC5850 NGC7280 NGC7716
Bulge
µe 18.39 ± 0.16 19.57 ± 0.13 19.16 ± 0.16 18.93 ± 0.16 18.50 ± 0.16 20.00 ± 0.16 18.93 ± 0.26 17.97 ± 0.15
Re 5.72 ± 0.48 10.94 ± 1.09 6.01 ± 0.50 5.05 ± 0.42 6.80 ± 0.57 7.77 ± 0.65 3.71 ± 0.59 2.04 ± 0.21
n 1.57 ± 0.12 0.94 ± 0.07 2.15 ± 0.17 2.64 ± 0.20 1.68 ± 0.13 2.14 ± 0.17 3.37 ± 0.36 1.70 ± 0.21
b/a 0.83 ± 0.02 0.81 ± 0.02 0.76 ± 0.02 0.75 ± 0.03 0.83 ± 0.03 0.97 ± 0.03 0.65 ± 0.04 0.60 ± 0.04
PA 150.63 ± 2.97 129.41 ± 3.31 98.85 ± 2.97 18.90 ± 2.97 29.97 ± 2.97 158.06 ± 2.97 66.56 ± 5.05 55.52 ± 5.20
B/T 0.258 0.214 0.250 0.205 0.091 0.182 0.280 0.144
Disc
µo 21.20 ± 0.07 21.49 ± 0.07 20.73 ± 0.07 19.45 ± 0.07 20.06 ± 0.07 21.67 ± 0.07 20.59 ± 0.07 20.11 ± 0.07
hinner 46.59 ± 0.77 62.51 ± 1.51 34.17 ± 0.57 26.40 ± 0.44 85.43 ± 1.42 61.49 ± 1.02 26.74 ± 1.25 16.34 ± 0.62
b/a 0.70 ± 0.01 0.92 ± 0.01 0.67 ± 0.01 0.46 ± 0.01 0.50 ± 0.01 0.75 ± 0.01 0.65 ± 0.01 0.82 ± 0.01
PA 157.45 ± 0.45 135.48 ± 0.25 91.94 ± 0.45 9.83 ± 0.45 43.10 ± 0.45 137.26 ± 0.45 74.19 ± 0.37 41.49 ± 0.58
houter N/A 25.56 ± 0.89 N/A N/A N/A N/A 11.12 ± 0.39 N/A
Rbreak N/A 106.49 ± 3.6 N/A N/A N/A N/A 44.65 ± 1.51 N/A
D/T 0.466 0.486 0.624 0.713 0.863 0.698 0.629 0.735
Outer bar
µo 20.27 ± 0.20 20.28 ± 0.18 21.72 ± 0.20 20.41 ± 0.20 20.43 ± 0.20 21.52 ± 0.20 20.48 ± 0.30 21.28 ± 0.32
a 57.00 ± 0.62 126.16 ± 1.24 62.90 ± 0.68 32.60 ± 0.35 59.09 ± 0.64 130.87 ± 1.42 20.24 ± 0.33 30.38 ± 0.50
n 2 3 1 2 3 4 2 2
b/a 0.66 ± 0.03 0.25 ± 0.02 0.43 ± 0.03 0.46 ± 0.02 0.61 ± 0.03 0.25 ± 0.03 0.51 ± 0.04 0.48 ± 0.02
PA 73.54 ± 0.13 146.77 ± 0.16 30.98 ± 0.13 176.76 ± 0.13 35.81 ± 0.13 116.04 ± 0.13 57.25 ± 0.28 17.82 ± 0.33
c 2 2 4 2 3 2 2 3
Bar/T 0.219 0.276 0.109 0.065 0.040 0.110 0.067 0.073
Inner bar
µo 18.88 ± 1.06 16.95 ± 1.09 18.41 ± 1.06 19.63 ± 1.06 18.28 ± 1.06 19.21 ± 1.06 16.87 ± 0.98 19.27 ± 0.24
a 21.90 ± 2.24 4.92 ± 0.42 8.83 ± 0.90 12.03 ± 1.23 11.54 ± 1.18 11.00 ± 1.13 4.00 ± 0.72 8.38 ± 1.42
n 3 4 4 4 3 2 2 3
b/a 0.41 ± 0.04 0.83 ± 0.03 0.36 ± 0.04 0.69 ± 0.04 0.34 ± 0.04 0.25 ± 0.04 0.17 ± 0.06 0.84 ± 0.06
PA 159.97 ± 1.30 158.37 ± 2.09 19.99 ± 1.30 146.14 ± 1.30 137.33 ± 1.30 46.83 ± 1.30 114.24 ± 2.85 56.17 ± 2.21
c 3 2 4 2 5 4 1 2
Bar/T 0.056 0.024 0.017 0.017 0.006 0.010 0.024 0.047
Table A3. ALL PARAMETERS FOR THE DOUBLE-BARRED FITS IN g’-BAND. First set of 9/17 galaxies.
NGC357 NGC718 NGC2642 NGC2681 NGC2859 NGC2950 NGC2962 NGC3368 NGC3941
Bulge
µe 19.55 ± 0.33 19.04 ± 0.31 20.42 ± 0.33 16.21 ± 0.13 19.16 ± 0.15 17.74 ± 0.15 19.25 ± 0.31 19.82 ± 0.16 18.44 ± 0.13
Re 2.76 ± 0.55 3.02 ± 0.53 2.62 ± 0.52 1.48 ± 0.15 5.29 ± 0.54 2.77 ± 0.28 2.28 ± 0.40 15.36 ± 1.29 3.97 ± 0.40
n 1.60 ± 0.29 2.02 ± 0.40 1.19 ± 0.22 2.02 ± 0.15 1.50 ± 0.18 1.67 ± 0.20 1.46 ± 0.29 1.37 ± 0.11 2.59 ± 0.19
b/a 0.87 ± 0.05 0.83 ± 0.05 0.78 ± 0.05 0.86 ± 0.02 0.92 ± 0.04 0.71 ± 0.04 0.93 ± 0.05 0.64 ± 0.03 0.78 ± 0.02
PA 33.72 ± 7.76 164.48 ± 7.79 131.33 ± 7.76 29.70 ± 3.31 92.96 ± 5.20 100.99 ± 5.20 7.11 ± 7.79 152.84 ± 2.97 19.79 ± 3.31
B/T 0.164 0.203 0.053 0.166 0.204 0.244 0.110 0.173 0.214
Disc
µo 21.76 ± 0.14 21.25 ± 0.09 21.82 ± 0.14 20.47 ± 0.14 22.53 ± 0.07 20.99 ± 0.07 22.12 ± 0.09 21.47 ± 0.09 20.08 ± 0.14
hinner 29.70 ± 2.03 22.70 ± 1.77 37.83 ± 2.58 33.94 ± 0.82 72.72 ± 2.77 27.69 ± 1.05 38.96 ± 3.03 84.96 ± 1.41 32.34 ± 0.78
b/a 0.83 ± 0.02 0.94 ± 0.01 0.97 ± 0.02 0.88 ± 0.01 0.76 ± 0.01 0.64 ± 0.01 0.57 ± 0.01 0.67 ± 0.01 0.65 ± 0.01
PA 19.24 ± 0.90 24.29 ± 0.73 155.77 ± 0.90 13.76 ± 0.25 78.24 ± 0.58 124.60 ± 0.58 4.41 ± 0.73 161.45 ± 0.45 10.05 ± 0.25
houter 14.38 ± 0.50 N/A 14.56 ± 0.51 21.22 ± 0.74 N/A N/A N/A N/A 20.89 ± 0.73
Rbreak 47.57 ± 1.61 N/A 39.77 ± 1.35 87.60 ± 2.96 N/A N/A N/A N/A 37.81 ± 1.28
D/T 0.681 0.649 0.874 0.595 0.628 0.453 0.624 0.562 0.621
Outer bar
µo 21.72 ± 0.45 21.22 ± 0.42 22.32 ± 0.45 19.88 ± 0.18 21.35 ± 0.32 20.38 ± 0.32 21.49 ± 0.42 20.87 ± 0.20 19.76 ± 0.18
a 37.64 ± 1.08 48.77 ± 1.46 54.07 ± 1.55 41.34 ± 0.41 70.69 ± 1.17 46.05 ± 0.76 49.66 ± 1.48 136.42 ± 1.48 34.86 ± 0.34
n 3 4 3 3 3 3 2 3 2
b/a 0.44 ± 0.06 0.43 ± 0.09 0.24 ± 0.06 0.71 ± 0.02 0.60 ± 0.02 0.55 ± 0.02 0.48 ± 0.09 0.61 ± 0.03 0.44 ± 0.02
PA 119.74± 0.57 150.08 ± 0.50 118.46 ± 0.57 85.55 ± 0.16 160.20± 0.33 156.86 ± 0.33 174.30 ± 0.50 130.34 ± 0.13 172.29± 0.16
c 3 2 4 2 2 2 2 2 2
Bar/T 0.099 0.130 0.067 0.154 0.154 0.211 0.217 0.254 0.136
Inner bar
µo 20.91 ± 2.04 19.02 ± 1.77 18.21 ± 2.04 18.39 ± 1.09 19.18 ± 0.24 19.17 ± 0.24 20.72 ± 1.77 18.60 ± 1.06 19.60 ± 1.09
a 13.99 ± 4.73 4.11 ± 1.33 2.15 ± 0.73 14.12 ± 1.20 10.71 ± 1.81 17.69 ± 2.99 14.98 ± 4.84 11.74 ± 1.20 13.21 ± 1.12
n 3 2 2 3 3 4 3 3 3
b/a 0.87 ± 0.13 0.69 ± 0.95 0.26 ± 0.13 0.85 ± 0.03 0.30 ± 0.06 0.65 ± 0.06 0.75 ± 0.95 0.42 ± 0.04 0.72 ± 0.03
PA 151.62± 3.64 35.37 ± 0.38 166.23 ± 3.64 91.29 ± 2.09 61.67 ± 2.21 142.39 ± 2.21 179.84 ± 0.38 145.63 ± 1.30 168.06± 2.09
c 2 4 2 2 4 2 2 4 2
Bar/T 0.057 0.018 0.006 0.085 0.013 0.092 0.049 0.011 0.029
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Table A4. ALL PARAMETERS FOR THE DOUBLE-BARRED FITS IN g’-BAND. Last set of 8/17 galaxies
NGC3945 NGC4314 NGC4340 NGC4503 NGC4725 NGC5850 NGC7280 NGC7716
Bulge
µe 20.71 ± 0.15 20.16 ± 0.26 20.05 ± 0.15 19.81 ± 0.15 19.22 ± 0.16 20.85 ± 0.15 19.87 ± 0.33 18.08 ± 0.31
Re 11.50 ± 1.17 10.32 ± 1.65 6.32 ± 0.64 5.14 ± 0.52 6.14 ± 0.51 7.45 ± 0.76 4.26 ± 0.85 1.37 ± 0.24
n 3.41 ± 0.42 0.80 ± 0.09 2.58 ± 0.32 2.60 ± 0.32 1.86 ± 0.14 2.12 ± 0.26 2.16 ± 0.40 1.93 ± 0.38
b/a 0.88 ± 0.04 0.82 ± 0.04 0.75 ± 0.04 0.75 ± 0.04 0.85 ± 0.03 0.97 ± 0.04 0.60 ± 0.05 0.45 ± 0.05
PA 149.56 ± 5.20 123.02 ± 5.05 98.14 ± 5.20 20.03 ± 5.20 34.43 ± 2.97 148.30 ± 5.20 67.54 ± 7.76 53.90 ± 7.79
B/T 0.340 0.207 0.256 0.197 0.070 0.138 0.232 0.082
Disc
µo 22.67 ± 0.07 22.17 ± 0.07 21.52 ± 0.07 20.27 ± 0.07 20.93 ± 0.07 22.37 ± 0.07 21.31 ± 0.14 20.88 ± 0.09
hinner 69.07 ± 2.63 59.84 ± 2.79 34.96 ± 1.33 26.45 ± 1.01 99.59 ± 1.65 65.99 ± 2.51 26.90 ± 1.84 18.18 ± 1.42
b/a 0.67 ± 0.01 0.92 ± 0.01 0.67 ± 0.01 0.46 ± 0.01 0.50 ± 0.01 0.74 ± 0.01 0.65 ± 0.02 0.82 ± 0.01
PA 166.07 ± 0.58 137.31 ± 0.37 91.68 ± 0.58 9.97 ± 0.58 42.99 ± 0.45 138.64 ± 0.58 74.48 ± 0.90 37.85 ± 0.73
houter N/A 26.52 ± 0.93 N/A N/A N/A N/A 10.90 ± 0.38 N/A
Rbreak N/A 108.86 ± 3.68 N/A N/A N/A N/A 44.51 ± 1.51 N/A
D/T 0.455 0.500 0.620 0.721 0.891 0.762 0.644 0.781
Outer bar
µo 21.42 ± 0.32 21.04 ± 0.30 22.47 ± 0.32 21.22 ± 0.32 21.00 ± 0.20 22.40 ± 0.32 21.50 ± 0.45 21.92 ± 0.42
a 58.16 ± 0.96 125.89 ±2.05 62.42 ± 1.03 32.01 ± 0.53 54.26 ± 0.59 135.53 ± 2.24 21.19 ± 0.61 30.48 ± 0.91
n 2 3 1 2 3 4 2 2
b/a 0.63 ± 0.02 0.26 ± 0.04 0.44 ± 0.02 0.48 ± 0.02 0.66 ± 0.03 0.24 ± 0.02 0.53 ± 0.06 0.48 ± 0.09
PA 74.99 ± 0.33 147.29 ± 0.28 30.81 ± 0.33 176.82± 0.33 36.25 ±0.13 114.98 ± 0.33 55.43 ± 0.57 17.19 ± 0.50
c 2 2 4 2 3 2 2 3
Bar/T 0.138 0.275 0.108 0.065 0.035 0.091 0.060 0.071
Inner bar
µo 19.23 ± 0.24 17.63 ± 0.98 18.79 ± 0.24 20.62 ± 0.24 19.21 ± 1.06 19.68 ± 0.24 16.44 ± 2.04 19.47 ± 1.77
a 19.44 ± 3.29 4.54 ± 0.82 8.56 ± 1.45 13.29 ± 2.25 12.84 ± 1.32 10.52 ± 1.78 2.41 ± 0.81 8.57 ± 2.77
n 3 4 4 4 3 2 2 3
b/a 0.47 ± 0.06 0.69 ± 0.06 0.25 ± 0.06 0.64 ± 0.06 0.26 ± 0.04 0.19 ± 0.06 0.41 ± 0.13 0.76 ± 0.95
PA 161.04 ± 2.21 165.23 ± 2.85 21.76 ± 2.21 148.87± 2.21 140.93 ± 1.30 45.91 ± 2.21 106.65± 3.64 56.82 ± 0.38
c 3 2 4 2 5 4 1 2
Bar/T 0.067 0.018 0.016 0.017 0.004 0.009 0.064 0.066
Table A5. ALL PARAMETERS FOR THE DOUBLE-BARRED FITS IN i’-BAND. First set of 9/17 galaxies.
NGC357 NGC718 NGC2642 NGC2681 NGC2859 NGC2950 NGC2962 NGC3368 NGC3941
Bulge
µe 18.03 ± 0.26 18.21 ± 0.16 19.12 ± 0.26 16.68 ± 0.13 18.11 ± 0.16 16.66 ± 0.16 17.93 ± 0.15 18.30 ± 0.16 17.26 ± 0.13
Re 2.70 ± 0.43 3.38 ± 0.28 2.52 ± 0.40 2.59 ± 0.26 5.59 ± 0.47 2.90 ± 0.24 2.35 ± 0.24 13.75 ± 1.15 3.98 ± 0.40
n 1.63 ± 0.18 2.36 ± 0.18 1.62 ± 0.18 0.69 ± 0.05 1.66 ± 0.13 1.84 ± 0.14 1.61 ± 0.20 1.29 ± 0.10 2.62 ± 0.19
b/a 0.89 ± 0.04 0.84 ± 0.03 0.87 ± 0.04 0.96 ± 0.02 0.95 ± 0.03 0.72 ± 0.03 0.98 ± 0.04 0.70 ± 0.03 0.78 ± 0.02
PA 41.14 ± 5.05 165.64 ± 2.97 125.17 ± 5.05 0.00 ± 3.31 97.41 ± 2.97 97.97 ± 2.97 4.64 ± 5.20 156.86 ± 2.97 16.72 ± 3.31
B/T 0.164 0.209 0.085 0.129 0.237 0.267 0.135 0.197 0.226
Disc
µo 20.30 ± 0.07 20.13 ± 0.07 20.71 ± 0.07 19.77 ± 0.07 21.44 ± 0.07 19.73 ± 0.07 20.78 ± 0.07 20.22 ± 0.07 18.93 ± 0.07
hinner 30.02 ± 1.40 22.83 ± 0.38 30.91 ± 1.44 33.65 ± 0.81 67.91 ± 1.13 25.83 ± 0.43 37.46 ± 1.43 82.42 ± 1.37 32.08 ± 0.78
b/a 0.84 ± 0.01 0.95 ± 0.01 0.97 ± 0.01 0.89 ± 0.01 0.80 ± 0.01 0.65 ± 0.01 0.55 ± 0.01 0.67 ± 0.01 0.65 ± 0.01
PA 20.91 ± 0.37 16.23 ± 0.45 153.14 ± 0.37 12.22 ± 0.25 80.90 ± 0.45 124.19 ± 0.45 5.98 ± 0.58 158.78 ± 0.45 9.15 ± 0.25
houter 15.39 ± 0.54 N/A 14.20 ± 0.50 22.13 ± 0.77 N/A N/A N/A N/A 20.62 ± 0.72
Rbreak 46.09 ± 1.56 N/A 40.09 ± 1.36 88.81 ± 3.01 N/A N/A N/A N/A 38.39 ± 1.30
D/T 0.681 0.658 0.822 0.637 0.575 0.457 0.594 0.539 0.616
Outer bar
µo 20.22 ± 0.30 20.02 ± 0.20 20.86 ± 0.30 19.21 ± 0.18 20.25 ± 0.20 19.28 ± 0.20 20.20 ± 0.32 19.56 ± 0.20 18.67 ± 0.18
a 38.09 ± 0.62 45.97 ± 0.50 48.35 ± 0.79 40.37 ± 0.40 72.16 ± 0.78 45.74 ± 0.50 49.62 ± 0.82 130.17 ± 1.41 35.13 ± 0.34
n 3 4 3 3 3 3 2 3 2
b/a 0.44 ± 0.04 0.43 ± 0.03 0.26 ± 0.04 0.74 ± 0.02 0.63 ± 0.03 0.53 ± 0.03 0.49 ± 0.02 0.59 ± 0.03 0.44 ± 0.02
PA 119.74± 0.28 150.81 ± 0.13 118.57 ± 0.28 84.79 ± 0.16 159.38± 0.13 156.76 ± 0.13 173.62 ± 0.33 128.00 ± 0.13 171.50 ± 0.16
c 3 2 4 2 2 2 2 2 2
Bar/T 0.101 0.120 0.089 0.159 0.169 0.195 0.225 0.245 0.131
Inner bar
µo 19.40 ± 0.98 18.11 ± 1.06 18.01 ± 0.98 18.35 ± 1.09 17.92 ± 1.06 18.05 ± 1.06 19.55 ± 0.24 16.15 ± 1.06 18.58 ± 1.09
a 13.40 ± 2.42 4.16 ± 0.43 3.19 ± 0.58 18.52 ± 1.57 11.15 ± 1.14 17.16 ± 1.76 15.48 ± 2.62 8.88 ± 0.91 13.23 ± 1.12
n 3 2 2 3 3 4 3 3 3
b/a 0.89 ± 0.06 0.63 ± 0.04 0.16 ± 0.06 0.75 ± 0.03 0.34 ± 0.04 0.61 ± 0.04 0.72 ± 0.06 0.41 ± 0.04 0.76 ± 0.03
PA 157.67± 2.85 35.03 ± 1.30 159.41 ± 2.85 71.40 ± 2.09 61.78 ± 1.30 141.49 ± 1.30 0.80 ± 2.21 132.61 ± 1.30 170.13 ± 2.09
c 2 4 2 2 4 2 2 4 2
Bar/T 0.054 0.013 0.004 0.075 0.019 0.081 0.046 0.018 0.027
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Table A6. ALL PARAMETERS FOR THE DOUBLE-BARRED FITS IN i’-BAND. Last set of 8/17 galaxies
NGC3945 NGC4314 NGC4340 NGC4503 NGC4725 NGC5850 NGC7280 NGC7716
Bulge
µe 19.23 ± 0.16 19.23 ± 0.13 18.90 ± 0.16 18.62 ± 0.16 18.25 ± 0.16 19.77 ± 0.16 18.69 ± 0.26 17.54 ± 0.15
Re 10.06 ± 0.84 11.25 ± 1.13 6.45 ± 0.51 5.39 ± 0.45 7.22 ± 0.61 8.79 ± 0.74 4.04 ± 0.65 1.97 ± 0.20
n 3.30 ± 0.26 1.00 ± 0.07 2.34 ± 0.17 2.70 ± 0.21 2.27 ± 0.18 2.46 ± 0.19 3.07 ± 0.33 2.19 ± 0.27
b/a 0.87 ± 0.03 0.81 ± 0.02 0.76 ± 0.03 0.76 ± 0.03 0.84 ± 0.03 0.97 ± 0.03 0.66 ± 0.04 0.57 ± 0.04
PA 147.98 ± 2.97 132.45 ± 3.31 98.75 ± 2.97 19.61 ± 2.97 28.52 ± 2.97 160.29 ± 2.97 68.06 ± 5.05 56.16 ± 5.20
B/T 0.329 0.210 0.241 0.207 0.101 0.195 0.269 0.154
Disc
µo 21.12 ± 0.07 21.05 ± 0.07 20.33 ± 0.07 19.02 ± 0.07 19.59 ± 0.07 21.40 ± 0.07 20.19 ± 0.07 19.73 ± 0.07
hinner 57.57 ± 0.95 63.47 ± 1.53 35.24 ± 0.58 26.62 ± 0.44 85.69 ± 1.42 66.96 ± 1.11 27.34 ± 1.27 15.95 ± 0.61
b/a 0.68 ± 0.01 0.92 ± 0.01 0.69 ± 0.01 0.46 ± 0.01 0.47 ± 0.01 0.75 ± 0.01 0.65 ± 0.01 0.83 ± 0.01
PA 163.30 ± 0.45 136.98 ± 0.25 91.44 ± 0.45 9.79 ± 0.45 45.33 ± 0.45 139.03 ± 0.45 74.00 ± 0.37 40.91 ± 0.58
houter N/A 28.52 ± 1.00 N/A N/A N/A N/A 11.92 ± 0.42 N/A
Rbreak N/A 102.74 ± 3.48 N/A N/A N/A N/A 44.19 ± 1.50 N/A
D/T 0.450 0.498 0.621 0.711 0.854 0.683 0.636 0.719
Outer bar
µo 20.11 ± 0.20 19.87 ± 0.18 21.31 ± 0.20 19.98 ± 0.20 19.87 ± 0.20 21.08 ± 0.20 20.23 ± 0.30 20.89 ± 0.32
a 58.81 ± 0.64 126.15 ± 1.24 62.71 ± 0.83 32.83 ± 0.36 56.18 ± 0.61 134.14 ± 1.45 20.69 ± 0.34 28.85 ± 0.48
n 2 3 1 2 3 4 2 2
b/a 0.61 ± 0.03 0.25 ± 0.02 0.44 ± 0.03 0.45 ± 0.03 0.60 ± 0.03 0.25 ± 0.03 0.49 ± 0.04 0.51 ± 0.02
PA 72.26 ± 0.13 146.89 ± 0.16 30.93 ± 0.13 176.77 ± 0.13 34.57 ± 0.13 115.75 ± 0.13 55.17 ± 0.28 16.61 ± 0.33
c 2 2 4 2 3 2 2 3
Bar/T 0.153 0.265 0.120 0.063 0.040 0.112 0.056 0.072
Inner bar
µo 18.05 ± 1.06 16.35 ± 1.09 18.03 ± 1.06 18.88 ± 1.06 17.98 ± 1.06 18.75 ± 1.06 14.61 ± 0.98 18.69 ± 0.24
a 19.78 ± 2.03 4.80 ± 0.41 8.88 ± 0.91 10.54 ± 1.08 12.30 ± 1.26 11.15 ± 1.14 2.23 ± 0.40 8.12 ± 1.37
n 3 4 4 4 3 2 2 3
b/a 0.46 ± 0.04 0.82 ± 0.03 0.36 ± 0.04 0.75 ± 0.04 0.28 ± 0.04 0.24 ± 0.04 0.17 ± 0.06 0.84 ± 0.06
PA 159.84 ± 1.30 152.92 ± 2.09 19.82 ± 1.30 150.13 ± 1.30 137.08 ± 1.30 47.49 ± 1.30 112.04 ± 2.85 53.15 ± 2.21
c 3 2 4 2 5 4 1 2
Bar/T 0.067 0.026 0.019 0.019 0.005 0.010 0.040 0.055
Table A7. ALL PARAMETERS FOR THE SINGLE-BARRED FITS IN r’-BAND. First set of 9/17 galaxies.
NGC357 NGC718 NGC2642 NGC2681 NGC2859 NGC2950 NGC2962 NGC3368 NGC3941
Bulge
µe 18.72 ± 0.10 17.98 ± 0.17 19.45 ± 0.19 16.96 ± 0.07 18.10 ± 0.09 17.26 ± 0.09 18.70 ± 0.17 18.95 ± 0.09 17.66 ± 0.07
Re 3.46 ± 0.23 2.62 ± 0.33 2.53 ± 0.30 2.99 ± 0.13 5.01 ± 0.26 3.68 ± 0.19 3.32 ± 0.42 15.18 ± 0.79 4.55 ± 0.20
n 1.63 ± 0.09 1.93 ± 0.14 1.71 ± 0.19 1.65 ± 0.06 1.45 ± 0.06 2.03 ± 0.09 1.80 ± 0.13 1.94 ± 0.09 2.27 ± 0.08
b/a 0.93 ± 0.02 0.86 ± 0.03 0.82 ± 0.04 0.92 ± 0.01 0.87 ± 0.02 0.74 ± 0.02 0.90 ± 0.03 0.68 ± 0.02 0.79 ± 0.01
PA 27.46 ± 3.06 172.88 ± 2.80 134.82 ± 5.23 52.81 ± 1.87 72.40 ± 3.05 110.61 ± 3.05 179.38 ± 2.80 151.07 ± 3.05 12.81 ± 1.87
B/T 0.245 0.211 0.097 0.255 0.268 0.389 0.207 0.251 0.282
Disc
µo 20.96 ± 0.05 20.49 ± 0.05 21.11 ± 0.11 20.14 ± 0.11 21.73 ± 0.11 20.08 ± 0.11 21.10 ± 0.05 20.77 ± 0.05 19.42 ± 0.05
hinner 33.25 ± 1.15 22.06 ± 0.86 27.61 ± 2.04 33.26 ± 0.68 56.99 ± 0.84 25.33 ± 0.37 33.42 ± 1.30 82.14 ± 1.21 34.14 ± 0.69
b/a 0.82 ± 0.01 0.95 ± 0.02 0.97 ± 0.02 0.89 ± 0.01 0.85 ± 0.01 0.64 ± 0.01 0.57 ± 0.02 0.65 ± 0.01 0.64 ± 0.01
PA 18.58 ± 3.61 16.97 ± 3.92 151.36 ± 7.19 12.33 ± 1.31 85.66 ± 1.98 125.91 ± 1.98 2.38 ± 3.92 161.32 ± 1.98 9.21 ± 1.31
houter 14.14 ± 0.71 N/A 12.01 ± 0.60 18.66 ± 0.93 N/A N/A N/A N/A 20.15 ± 1.01
Rbreak 47.01 ± 1.35 N/A 45.54 ± 1.31 88.63 ± 2.54 N/A N/A N/A N/A 39.49 ± 1.13
D/T 0.652 0.651 0.806 0.595 0.537 0.453 0.588 0.516 0.595
Outer bar
µo 20.70 ± 0.31 20.29 ± 0.25 21.36 ± 0.57 19.59 ± 0.24 20.53 ± 0.16 19.75 ± 0.16 20.79 ± 0.25 20.23 ± 0.16 19.11 ± 0.24
a 37.34 ± 0.74 45.33 ± 1.12 52.93 ± 2.51 40.96 ± 0.46 69.60 ± 0.80 46.36 ± 0.53 50.83 ± 1.26 136.20 ± 1.56 35.93 ± 0.41
n 3 4 3 3 3 3 2 3 2
b/a 0.44 ± 0.03 0.44 ± 0.06 0.24 ± 0.07 0.69 ± 0.02 0.62 ± 0.03 0.44 ± 0.03 0.45 ± 0.06 0.59 ± 0.03 0.41 ± 0.02
PA 119.74 ± 3.02 150.94 ± 2.00 116.85 ± 4.79 84.81 ± 1.64 159.22 ± 1.89 158.60 ± 1.89 174.36 ± 2.00 127.74 ± 1.89 171.24 ± 1.64
c 3 2 4 2 2 2 2 2 2
Bar/T 0.103 0.138 0.097 0.149 0.195 0.159 0.205 0.233 0.123
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Table A8. ALL PARAMETERS FOR THE SINGLE-BARRED FITS IN r’-BAND. Last set of 8/17 galaxies
NGC3945 NGC4314 NGC4340 NGC4503 NGC4725 NGC5850 NGC7280 NGC7716
Bulge
µe 18.08 ± 0.09 19.72 ± 0.07 18.81 ± 0.09 18.64 ± 0.09 18.12 ± 0.09 19.61 ± 0.09 18.64 ± 0.10 18.07 ± 0.17
Re 6.33 ± 0.33 10.95 ± 0.48 4.97 ± 0.26 4.64 ± 0.24 5.43 ± 0.28 6.82 ± 0.35 3.19 ± 0.21 2.45 ± 0.31
n 1.28 ± 0.06 2.07 ± 0.07 2.04 ± 0.09 2.23 ± 0.10 1.54 ± 0.07 1.99 ± 0.09 3.49 ± 0.19 1.52 ± 0.11
b/a 0.69 ± 0.02 0.81 ± 0.01 0.86 ± 0.02 0.79 ± 0.02 0.92 ± 0.02 0.89 ± 0.02 0.67 ± 0.02 0.67 ± 0.03
PA 156.67 ± 3.05 134.37 ± 1.87 91.60 ± 3.05 12.92 ± 3.05 5.76 ± 3.05 41.03 ± 3.05 72.10 ± 3.06 55.53 ± 2.80
B/T 0.317 0.261 0.259 0.219 0.088 0.179 0.288 0.201
Disc
µo 21.12 ± 0.05 21.49 ± 0.05 20.68 ± 0.05 19.43 ± 0.05 20.05 ± 0.05 21.58 ± 0.05 20.59 ± 0.05 20.13 ± 0.05
hinner 44.60 ± 0.66 62.51 ± 1.27 33.76 ± 0.50 26.20 ± 0.39 85.06 ± 1.25 59.17 ± 0.87 26.95 ± 0.94 16.44 ± 0.64
b/a 0.72 ± 0.01 0.92 ± 0.01 0.66 ± 0.01 0.46 ± 0.01 0.50 ± 0.01 0.74 ± 0.01 0.65 ± 0.01 0.82 ± 0.02
PA 156.77 ± 1.98 137.39 ± 1.31 92.96 ± 1.98 9.99 ± 1.98 43.07 ± 1.98 136.37 ± 1.98 73.83 ± 3.60 41.36 ± 3.92
houter N/A 25.72 ± 1.29 N/A N/A N/A N/A 11.19 ± 0.56 N/A
Rbreak N/A 105.84 ± 3.03 N/A N/A N/A N/A 44.40 ± 1.27 N/A
D/T 0.468 0.480 0.628 0.722 0.864 0.706 0.639 0.732
Outer bar
µo 20.25 ± 0.16 20.25 ± 0.24 21.75 ± 0.16 20.51 ± 0.16 20.11 ± 0.16 21.41 ± 0.16 20.40 ± 0.31 21.43 ± 0.25
a 57.05 ± 0.65 123.78 ± 1.40 63.33 ± 0.73 33.19 ± 0.38 56.17 ± 0.64 123.71 ± 1.42 20.90 ± 0.42 32.07 ± 0.79
n 2 3 1 2 3 4 2 2
b/a 0.63 ± 0.03 0.24 ± 0.02 0.45 ± 0.03 0.45 ± 0.03 0.60 ± 0.03 0.26 ± 0.03 0.48 ± 0.03 0.46 ± 0.06
PA 73.25 ± 1.89 146.78 ± 1.64 31.14 ± 1.89 177.80 ± 1.89 36.86 ± 1.89 116.54 ± 1.89 55.13 ± 3.02 16.95 ± 2.00
c 2 2 4 2 3 2 2 3
Bar/T 0.215 0.258 0.112 0.060 0.048 0.114 0.073 0.067
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